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NATIONAL HISTORIC ENGINEERING LANDMARK NOMINATION

COOLGARDIE GOLDFIFLDE WATER SUPPLY

FOREWORD

Western Australia made little progress in the first sixty years
following foundation in 1829. 1In 1881 the population was less
than 30,000 persons, yet by 1911 it had increased to 282,000
with the bulk of the population increase being in the Eastern
Goldfields area. The stimulus came from gold mining.

Following the granting of Responsible Government in 1890, the
future of the colony lay in the hands of the pastoralists in
the north, some gold mining in the Murchison, and in the
eastern "desert" where a modest gold mining enterprise was
being carried out at Southern Cross.

On September 17, 1892 the township of Southern Cross emptied
following the news of a rich strike by Bayley and Ford at Fly
Flat, (later to become Coolgardie). This first rich field drew
prospectors from all over the world and more particularly from
the eastern States., to be followed by the strike by Paddy
Hannan on June 17, 1893 from which developed one of the richest
goldfields of all times centred on the “"Golden Mile” between
the twin towns of Kalgoorlie and Boulder.

Water had always been a scarce commodity im this arid inland
area and its lack took many lives: and typhoid and other
epidemics spread. A contemporary account reads "The
seriousness of the problem can be gauged by the usual prices
paid for water ---- 25 shillings per 1000 gallons when the
oc¢casional rains filled the tanks ---- and £4 per 1000 gallons
when only water condensed from wells and shafts was available*.

By mid 1895, the Government of the day concluded that a large
comprehensive scheme would be necessary. A report and
recommendation was prepared under the instructions of the
Engineer-in-Chief, Mr C Y O'Connor. His report to the Minister
discloses a studied effort to examine punctiliocusly the gamut
of alternatives.

O'Connor's occupation of the senior appointment from 1891 had
been singularly successful, yet he was already the butt of
ignorant and mean criticism. He was to be plagued by enquiries
until his tragic end. It was left to posterity to applaud his
sound judgement and professionalism.

In the circumstances of the colony - its paucity of
development, small population and mounting public debt, - and
given the ephemeral nature of mines - O*Connor and his advisers
were fully aware of the boldness of the engineering solution
they offered. This envisaged works estimated to cost £2.6M
(say $160M in present currency) and included a concrete gravity
dam 100 feet in height; 324 miles of steel pipeline to deliver
5.6 million gallons per day; and in all 8 steam-driven pump
stations with associated reservoirs.
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The completion of construction by January 1903, in less than
five years and within estimate, speaks for the success of those
directing - and the large work force contributing. The speced
of construction of the pipeline for instance was remarkable.
The project was built when the State lacked tertiary and
technical educational facilities; and yet the proponents of the
Scheme were meticulous in adopting the latest technology and
encouraging innovation.

All cement, steel and machinery were imported from Europe or
America, over six weeks by steamer or 90 to 100 days sailing
time distant; timber was imported from the United States; pipes
were manufactured locally using American and German steel
plate, adopting the locking-bar patent of the Australian,
Mephan Ferguson. The dam was, on completion, the largest in
the Southern hemisphere and the pipeline length unprecedented.
The pump duty obtained was a record for pumping engines of the
duplex class.

The pipeline construction developed the use of thin walled
steel pipes, using the locking bar principal, for water supply
to remote areas typlcal of Australian conditions. A reliable
water supply for the mining settlements and the railway ensured
permanent settlement in the arid eastern goldfields and the
viability of the gold mining industry there. This was the
first great boost in the development of Western Australia.

O'Connor's 18%6 report had highlighted the benefits of a water
service to the towns and the railway on the pipeline route.
The main conduit has been reconstructed since, above ground,
continuously welded, 2nd enlarged over the years to service
abutting wheat and sheep properties. Significant enlargement
of the Scheme took place again following World War 11, when
large areas of agricultural land were supplied with domestic
and stock water, and a nickel mining industry was serviced in
the Eastern Goldfields. To cope with the duLy imposed, the
Mundaring Weir has been raised and the pumping stations
electrified, along with other substantial improvements. It is
noteworthy that when the steam plant was phased out, after 50
years of operation, it was performing to the duty as warranted
by the makers. Those engineers invoelved in the raising of
Mundaring Weir in the 1950's were impressed by the quality of
the original concrete work, uncovered in the process, and of
the iron work. In the raising of the wall the design ensured
that the external features of the wall were maintained., so as
to preserve this monument to our heritage. So too is No. 1
Pump Station, at the damsite, which has been converted to a
public museum.

The City o¢f Kalgoorlie honcurs the Scheme as its inheritance,
with conmemetative tablets in ite wain thoroughfare of Hannen
Street. Az g0 Western Australians generally, the work is
enshrined in the history of the State.

H.E. HUNT BE. FIE(Aust)



1l - EVENTS LEADING UP TO CONSTRUCTION =

The genesis of a public work of the magnitude and importance of
the Coolgardie Water Supply is easy to chronicle. WHestern
Australia astonished the world when she launched the bold
scheme to pump water from the coastal districts a distance of
353 miles inland. It is a work ¢f hydraulics which has no
parallel, and, great as has been the responsibility undertaken
by the high officers of State in committing the people to its
cost, there is to-day., on the eve of its successful opening,
every reasonable hope of it not only being a monument to the
brain that conceived and originated the plans upon which it has
been constructed, but there will be given to an energetic and
hopeful people a service that will more than pay for itself.

What the Asscuan Barrage on the River Nile is to Lower Egypt,
the Coolgardie water-pipe is toe 40 000 people on the Eastern
Goldfields, and the great gold-yielding mines which have turned
ocut over 200 teons of gold, worth, say. £20 000 000.

In the summer of 1893-94 there had been such a rush of people
to the goldfields, in consequence of marvellous developments at
Coolgardie and the vicinity - and the rainfall that year was so
much more scanty than it usually is- that a dire need arose to
supply human consumption, quite apart from the demand for the
mines and for livestock. Extension of the railway system
beyond Southern Cross, towards the new Eldorado, accentuated
the necessity for a greater and surer water supply than rain
catchment and condensing. It was only by the exercise of
energetic measures and the expenditure of very large sums of
money that the Government., in supplying alleviating works of a
temporary character, averted what would have proved a great
calamity for the goldfields people.

The question forced itself upon the attention of the
Administration of Sir John Forrest, and the experts of the
Public Works Department were engaged in the latter part of 1894
and the early portion of the following year. in obtaining data
for an adeguate and permanent supply. The Government were at
this time thus earnestly considering how the difficulty could
be overcome. Then occurred the astounding but practicable
proposal to pump water from the Darling Ranges inland through a
veritable desert.

The Coolgardie Water Scheme, in its originality and object, is
a masterpiece. The cynic aforesaid dismisses the work of great
brains, manual labour, and skilled mechanism somewhat in this
fashion: "When you can surpass them, you will have something to
boast of.*"

*Bxtracts from an article appearing in "The West Australian®, January 23,
1903.



It will be long before there is an irrigation reservoir of
greater capacity than Lake Moeris. in Egypt, which accepting
the figures of an eminent engineer, Sir R H Brown, R.E., held
11 800 million tons of water, or rouqghly speaking 2z 643 200
million gallons, between high and low level marks. The Helena
Vale Reservoir has a capacity for impounding power of 4 619
million gallons after due allowance for evaporation, soakage,
etc. The goldfields in the Eastern distriets, therefore, are
assured of a supply throughout the year equal to five million
gallons every 24 hours.

The pipeline from the Helena Reservoir to Kalgoorlie used

90 000 tons of steel, which was manufactured into pipes in the
State; a most valuable consideration when the employment of
local labour is considered by those who have pledged the
country's c¢redir for the safety and success of the scheme.

RIVER PROPOSALS

There were many proposals put forward to pump water from the
coast. In December 1854, Mr Jobson, a Government water supply
official on the goldfields, made a report in regard to the
necessity for a supply beyond what the condensing plants could
give.

It was in the middle of 1895, that Sir John Forrest asked

Mr C. Y. O'Connor to prepare data for a sheme to pump water
from a2 reservoir at the Darling Ranges. Seventeen valleys in
the Darling Ranges were examined, after which it was adviged by
the engineer that the Helena Valley offered the best gsite and
catchment. In April, 1896 Mr W. R. Wilson, a Melbourne
capitalist, who had had experience in waterworks at Broken
Hill, addressed a proposal to the Government, to bring water to
Kalgoorlie and Coolgardie from a catchment 9290 miles north of
Menzies.

Another feature of the want of water and one that helped to
decide the Government upon its course of action, was the
opinion expressed that artesian water obtained by boring., would
never strike a supply above a trickle, to respond to the demand
that would be made upon such a source. Boring to a depth of

3 000 feet at Coolgardie, demonstrated the truth of the opinion.

THE GOVERNMENT'S PROPOSAL

In the Governor's speech, at the opening of Parliament, on

July 7., 18%6, the Government's intentions were first

announced It was stated that a proposal would be placed
before the Legislature to supply water by pumping to the summit
of Mount Burges, near Coolgardie, from a reservoir in the
Darling Ranges at an estimated cost of £2 500 000, for a supply
of five million gallons per diem. ©On July 17, 1896, the
general report of the Engineer-in-Chief was completed. and was
presented in Parliament, on the introduction of the Bill
authorising the raising of a loan of £2 500 000 for this
scheme, that being the sum estimated by Mr. O'Connor to
complete the work.



Mr O'Connor, in his report to Parliament on the Loan Bill
authorisation for the scheme, dwelt clearly and exhaustively
upon the artesian bores aspect of this question. Quoted the
observations of eminent authorities on bores in Queensland and
plainly showed that as the summit of Mount Burges was only

2 500 feet above sea level water could be carried at easy
stages of 300 feet by the pumping stations "en route" to the
fields. The Helena Reservoir. in his opinion was the only
proposal capable of being applied to meet an extremely
difficult problem.

Inside and without the Houses of Parliament, the proposed water
supply was described by some people as a maniacal project. The
answer to that criticism was the opinion of many competent
engineers, who considered the work a practicable one,

A STUFPENDOUS PROPOSAL

How stupendous seemed the scheme when it was launched will be
gathered from the fact that the population of Western Australia
was only 12 000, and the State‘s public debt was £4.5 million.
The proposal was to spend upon a single work a sum egqual to
more than half of the loans then raised, increasing the debt to
£7 million. The population has almost doubled during the
progress and completion of the scheme, and the public
indebtedness had gone up to €15 million.

Another bearing upon the usefulness of the work was the benerit
that would accrue to that long stretch of country between
Northam and Coolgardie as the greater portion of the land in
the vicinity of the railway and pipe track should attract
settlement.The motion adopted on October 10, 1894, by the
Legislative Assembly , on the initiative of Mr C. Harper,
member for Beverley, when the House affirmed its opposition to
private speculations exploiting the scheme, was referred to by
the Premier, as evidence of the will of members, the
Legislature declining to hand over a great national work to a
private company.

Another remarkable circumstance on the fields was, that 80 long
as miners were deprived of an adequate water supply for
domestic use, they refused to bring their wives and families
from the Eastern States,

On August 4, 1896, the Premier laid on the table of the House a
memorandum by the Engineer-in-Chief which was read. BRut

Mr G'Connor in his document, declined to disclose the names of
the engineers who had advised him upon the pumping scheme, as
it was considered improper. for those gentlemen, if consulted
publicly, would be entitled to receive their Fees. Further, he
said, written reports and opinions from English engineers could



be obtained, if the proper times were allowed. Mr Simpson, in
criticising the proposed work, urged the obtaining of
well-founded expert opinion ocutside the State engineers. The
cost, according to the member for Geraldton, was a mere
bagatelle compared with the importance of the scheme. He
instanced the lack of public enthusiasm at Kalgoorlie., over the
work proposed, but he admitted that & public meeting was held
in favour of the scheme.

Mr C J Moran., the member for Yilgarn, ably and adeqguately
championed the cause of the ¢goldfields people. The amendment
was negatived on the voices, and the motion was adopted
unanimously without the House going to a division. On August
6, a motion by Mr C. Hatper. to refer the Bill to a Joint
Committee of the two Houses of Parliament was negatived, twelve
votes to seven.

In the Upper House the Bill was entered for the first reading
on August i2. The second reading was moved the following day
by Sir Edward Wittenoom, Minister for Mines, and a long debate
ensuing, it was carried on September 2. A proposal to refer
the BRill to a Select Committee was defeated, and on September 3
the measure passed through the remaining stages.

The goldfields people busy and feverishly excited over the
Kalgoorlie and Coolgardie developments, had no time to think it
over except to take it for granted that Sir John Forrest was
pledged to g¢give them water, that was all sufficient. As a
whole the people 6f the goldfields, however, gave no assistance
~to the project. On the contrary it may be said a very hostile
spirit prevailed. On the Loan Estimates for 18%6-7 a sum of
£290 000 exclusive of departmental charges was provided: but,
as the work in connection with the enterprise was chiefly
departmental, the only money actually expended for construction
purposes was a trifle from the allocation for reservoirs.

Early in August 1896 in reply to statements uttered in
Parliament doubting the quantitiy of water required by the
goldfields, Messrs Bailnbridge., Seymour and Co. wrote offering
to take S5 000 000 gallons per day at 3s.6d per thousand gallons
for twenty years, provided the Government would not compete
with them in price. At this point plans were prepared for
submission to and consideration of a2 Commission of Engineers in
England that it was proposed should be appointed in accordance
with paragraph 56 of the Engineer-in-Chief's report that had
been placed before Parliament. It was decided that the
Engineer-in-Chief should, if possible, proceed to England at an
early date to confer with the Commission in regard to the
general details of the work, and to be able to give them advice
on any local guestions that might arise. In December 1896 a
cablegqram was received from the Agent-General stating that he
proposed with the sanction of the Government to appoint

Mr Carruthers., the Consulting Engineer for the colony. together



with Professor Unwin (a great authority on transmission of
power) and Mr G. F. Deakin the engineer of the Liverpool Water
Supply as a committee to consider the Coolgardie Water Supply
with authority to appoint another Commissioner if necessary.
On the 3lst December, 1896 the Government signified its
approval of these appointments by cable.

MR O'CONNQR'S VISIT TO ENGLAND

On January 22nd, 18%7, after all preliminary investigations haaq
been completed, the Engineer-in-Chief left Western Australia
for London arriving there on the 25th February. Mr O'Connor
was constantly present at the deliberations of the Commission
and with them visited many manufacturing centres and industries
in connection with appliances. materials and machinery that
might be required for the carrying out of the great project,

With other members of the Commission, Mr O'Connor proceeded to
Paris to inspect some patent steel and cement ("Sidero-cement")
pipes manufactured by M Jean Bordenave, largely used in Paris
for sewerage works, and had been suggested for the Coolgardie
pipe-line. On August 3, the Commissioners presented an interim
report, and a few days later - August 14- Mr O‘'Connor left
England on his return journey to Western Australia, Visiting
Krupp's Steel Works, at Essen and Magdeburg, Germany, together
with other steel foundries and manufacturies in Europe.

Upon Mr O*Connor's return, work was slowed down in consequence
of large outgoings from loan funds on large public¢ wWorks in
nand, and a difficulty which arose in placing loans
satisfactorily. For that reason it was decided not to press
too quickly the Coolgardie Water Supply proposals. Otherwise,
the pipes contract could have been let in England in August,
1897. The Governor's Speech at the opening of Parliament, in
October 1897, contained the following paragraph: "My Ministers
regret that, owing to the large works already in progress from
loan funds, which it is impossible to interfere with, some
little delay must occur before this great work {(the Coolgardie
Water Scheme) can be undertaken; but while regretting the
necessity for so great an expenditure on this work, they are
more than ever convinced that no other means are available for
providing a certain cheap, and good supply of pure water for
the Coolgardie goldfields”. From that day forward, up ta
within a few months of the completion, the scheme generally
became the subject of considerable criticism in a section of
the Press.

In May 1898, M.Burgigli was informed by the Premier that the
Government were not prepared to accept his offer, as they
intended to proceed with the work forthwith themselves., and
that, besides that, it would be impossible for the Government



to enter into treaty with any private individual for the
carrying out of so large work of the kind, except with the
special approval of Parliament.

THE TENDERS FOR THE PIPES

Early in 1898 the final report of the English Commission was
received, and in January of that year the Government gave
instructions for tenders to be called for the supply of pipes.
puring the time that the specifications for pipes were being
considered Mr Ferguson's patent locking-bar pipe (which had in
rather an imperfect state been already considered by the
Commission of English Engineers, who were always favourably
disposed towards it) was perfected and designed, and again
brought under the notice of the Engineer-in-Chief.
Simultaneously with the cable for tenders to pipe manufacturers
in the British Isles, & similar cable was sent authorising the
Agent-General to call for tenders for pumps, the power of the
pumps to be as recommended by the Commissioners.

During the early part of 1898 not much actual work was done in
the State in connection with the scheme; but the railway line
between Mundaring Station and the Helena Weir site was
commenced in January and completed in August and the
excavations for the foundations of the Helena Welr were started
in April. On the 23rd August, tenders for pipes were received
in Perth and on the same day a cablegram from the Agent-General
quoted the tenders received in London. The Engineer-in-Chief
on 3rd September, reported to the Government generally in
reference to the tenders received that the lowest tenders
received in England were from Messrs Buchner Blageo and Co of
Portland U.S.A. for 246.75 miles of riveted pipes and from
Messrs Piggott and Co {(with Stuart and Menzies) for 81.25 miles
of welded pipe (for which tenders had been called) making in
all 328 miles of pipe at a total cost of £1 255 308. The lowest
tenders received in Perth were for the riveted pipes as
above-mentioned from Messrs G & C Hosking, of Sydney. and (in
lieu of the welded pipes) for pipes of the locking-bar type
from Mr Mephan Ferguson, making a total of £922 694. 1In view
of Messrs Hoskins and Ferguson both being Australian firms,
their tenders, together being lower than the others received
and also as the Engineer-in-Chief consgidered it would be
advisable to adopt for the whole main, pipes of the locking-bar
type and that type of pipe being considered distinctly better
than riveted pipes, it was sugqggested that Messrs Hoskins and
Ferguson be asked, 1f possible, to coalese and to submit a
joint tender for the whole.



After a considerable amount of negotiation, and a fresh
contract being drawn in the State, on the basis of the ones
prepared in England. the coalition was agreed upon. The
Government acquired the patent rights of Mr Ferguson, with the
right to manufacture the pipes, and arranged a contract for the
supply of half of the total quantity required, with each of the
two firms. Before., however, the tenders wWere actually accepted
a4 notice of motion was tabled by Mr Holmes, in the Legislative
Assembly, discussed on September 14 that no tenders for the
supply of pipes be accepted without the approval of the House.
During the lengthy debate that ensued thereon, Mr Morgans moved
an amendment, practically to strike out the whole of the
motion, and to insert., "That it is advisable, in the interest
of the colony, that the Coolgardie Goldfields Water Supply
Scheme should be proceeded with at once, and this House urges
the Government to do all things necessary to expedite the
work." The amendment was carried after debate. Mr Walter
James proposed a further amendment, to be added to Mr Morgans's
amendment as follows:- "And to provide that such works. as far
as possible, be carried out by day labour, employed on the
eight hours system." That amendment was, however, lost. The
two contracts, each for half of the supply of pipes were signed
by the contractors Messrs G. and C. Hoskins and Mr Mephan
Ferguson, on October 18, 189%8, the contract price for the pipes
totalling £1 025 124. The supply of joint rings was also
included in the contracts at a schedule rate of one pound two
and sixpence in addition to the price for pipes. The tenders
for the locking-bar pipes were some £230 000 less than riveted
pipes the same thickness, and it was possible, therefore, with
the locking-bar pipes to give an extra one-sixteenth of an
inch. and thus ensure more economical maintenance.

THE CONSTRUCTION BILL

On September 20, 1898, the Goldfields Water Supply Construction
Bill was introduced by the Premier in the Legislative Assembly,
and read a first time. The Bill passed its second reading in
the Assembly on September 29, and was read a third time on
October 4. The only amendment that was made in Committee of
any importance was that any claim for compensation for damage
done in connection with the work. unless settled by agreement,
should be referred to a Court of Arbitration, consisting of a
Joint Select Committee of both Houses of Parliament. The
Legislative Council altered that provision and amended the Bill
so that the clause relating to compensation read that three
Judges of the Supreme Court, sitting without a jury, were to
assess the damages, in lieu of the Joint Select Committee of
Parliament previously passed by the Assembly,

The tender of Messrs. James Simpson, for Worthington pumps. was
accepted. During 1899, active preparations were pursued at
Helena Weir. In June of 1899, Messrs Couston and Finlayson
made an offer to



supply patent caulking appliances, which they had invented, to
¢aulk by machine instead of by hand. After considerable
negotiations had been carried on, and improvements to the
machines made by the patentees, in April, 1900, Messrs Couston
and Finlayson made a definite offer to sell their patent rights
of the machine to the Government, and finally, in August, the
purchase of the patent rights was arranged for the sum of

£7 500 and also for the supply of a number of caulking
machines, together with the necessary oil engines, etc¢. EBEarly
in 1902 a proposal was made by Messrs Couston and Finlayson to
complete the work of laying and jointing by contract. Mr C. H.
Rason, Minister for Works, submitted the proposals to the
Legislative Assembly on January 22. The proposals caused a
lengthy discussion, and the member for Beverley (Mr Harper)
moved that the matter be referred to a2 Select Committee.

SELECT COMMITTEE AND ROYAL COMMISSION

The motion was carried, and on the 17th February an interim
report was presented in order that the investigation should be
continued, a Royal Commission was appointed on 26th February,
consisting of Mr Harper, Mr Nanson, Mr Daglish, Mr George
Lefroy and Mr W Atkins. Simultaneously with the discussion of
the caulking contract in the Assembly a motion was moved by the
late Mr Crowder, in the Upper House that the Government should
call on the Works Department to concentrate their energies on
the completion of the first section of the pipe line of the
Coolgardie Water Scheme with a view of providing a test of the
working conditions before the prorogation of Parliament.

The scope of the Royal Commission was somewhat extended in
order that a thorough inguiry should be made into the whole
unndertaking.

POST SCRIPT

The uncertainty as to whether economy was being exercised by
the Public Works Department provoked most ungenerous and
unjustifiable attacks in a section of the Press, upon the
Engineer-in-Chief and his assistants. Mr O'Connor's death came
just as the work was emerging from a cloud of difficulties.

His last written message contained the words "The Coolgardie
Scheme 1s all right." The truthfulness of that statement has
been fulfilled. #Mr C*'Connor advised the Government in his last
message to get a good man to carry on the work implying
apparently that an eminent engineer from abroad should be
appointed, but the Minister for Works appointed Mr O'Connor's
gsubordinate, Mr C. R. 5. Palmer, an engineer of considerable
attainments and experience in hydraulics to the Government of
India, to finish what had been so abhly commenced and in great
part completed.
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One result of the Commission was the marvellous progress of the
pipelaying. for in 1902 346 miles of pipe had been distributed,
practically the whole of the trench excavated and 324 miles of

pipes laid and joineq.

Pumping started at No. 1 station on March 31, 1902, the water
reached Northam on April 18, Cunderdin on April 22, Merridin on
August 22, Yerbillon on September 30, Southern Cross on
October30, Ghoolli a few days later, Gilgai on December 21,
Coolgardie on December 22, and Kalgoorlie on January 16.

11



2 - DESCRIPTION OF THE WORKS *

Before proceeding to describe in this Paper the design and
construction of the works undertaken for the water-supply of
the Coolgardie district of Western Australia, it is necessary
to touch briefly upon the history and topography of the
digtrict.

Since the discovery of the great inland goldfields of
Coolgardie in 1892, the career of the State of Western
Australia, which previously had made but slow progress, has
been uniformly successful; for the resulting mining population
¢reated a profitable market for the adricultural and pastoral
produce of the well-watered coastal country, which was
therefore rapidly settled on as railway facilities were
afforded. The town of Coolgardie is gsituated about 350 miles
from the west coast and about 25% miles from the south coast;
and, although along the sea-shore and for a considerable
distance inland this part of Australia is well watered, the
portion - say, 300 miles by 250 miles - of the elevated
tableland in the interior ¢f which Coolgardie may be regarded
as the centre is among the driest of the countries of the
globe, the rainfall having been as little as 3 1/2 inches in a
year. Moreover, the surface soll generally 1s very porous angd
80 excessively saline that, except in rock-holes after rain,
really fresh natural water is practically unknown, although
repeated boring has proved the existence here and there
underground of small quantities of fairly potable water.

About £400,000 has been spent on smaller waterworks of every
description, the exceeding dryness of the climate being soon
made manifest by the poor result of each small but costly work
carried out. It was thus proved that for any large supply of
fresh water a source should be searched for elsewhere than on
the surface or in the subsoil of any portion of this tableland.

The serioushness of the problem can be gauged by the usual
prices paid for water in later days. Even after completion of
these smaller works, the prices were:- 25s. per 1,000 gallons
when the occasional rains filled the tanks which formed one
class of the works, and £4 per 1,000 gallons when only water
condensed from the extremely salt fluid obtained in wells and
shafts was available.

* Paken from "Coolgardie Hater Supply” by Charles Stuart
Russell Palmer, MICE - {Paper No. 3516 - March 28, 1905)
THE INSTITUTION OF CIVIL ENGINEERS, Procesdings.
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Yielding to the pressure of popular opinion, the Government
spent several thousand pounds without result, in a bore-hole
more than 3,000 feet deep in solid granite:; various schemes for
condensing on a very large scale, at the salt lakes situated in
the goldfields, were abandoned on proof of the excessive
salinity of the water of the lakes, the difficulty and cost of
obtaining a sufficient supply of even this water. and the high
price of fuel: and then two proposals for conservation, with
sources comparatively near to the goldfields, were considered
but abandoned, as the low rainfall rendered it more than
questionable whether the yield would be sufficient. By a
process of elimination. therefore, there was reached the
accepted solution of the problem, namely, a source in the
Darling Ranges bordering the well-watered west coast. This
scheme had the additional advantage that all intermediate
townships., as well as the adjacent Government railway, could be
supplied from the main conduit, the railway being especially
benefited in its course through about 250 miles of arid country
wherein ralilway water-supply was known to have cost as much as
£60,000 in 2 single year.

By the middle of 1895 the Government of Western Australia had
decided that some large comprehensive scheme would be
necessary: and, orders for report and recommendation having
been issued, there were prepared, under the instructions of the
late Mr. C.Y., C'Connor, C.M.G., M. Inst. C.E., the Author's
late chief and predecessor in the position of Engineer-in-Chief
of the State, thirty-one alternative proposals, from which,
after study, three were chosen to be placed before the
Government. The source of supply in each case was to be an
impounding-reservoir in the Darling Ranges, whence the water
was to be pumped in successive lifts to Mount Burgess, north of
Coolgardie: thence it was to be reticulated to the various
mining-centres, of which Coolgardie was one. 1In Mr. O'Connor’'s
Report, (Appendix) the three schemes were stated, for
comparative purposes, to be as follows: -

"The result of ... calculations went to show f(as for steel pipes, that, for
one million gallons daily, the cost would be from, say, £700,000 to
£1,000,000 (depending on the size of the pipe)., and with the cost of
delivery varying from 5s. 6d. to 8s. 6d. per 1,000 gallons; while, for Five
million gallons daily the cost varied from, say £2,200,000 to £2,700,000
fdepending similarly upon the size of the pipe), with cost of delivery
varying from 3s. 5d. to 6s. 7d. per 1,000 gallons; and that, for ten million
gallons daily, the cost varied from, say, £3,500,000 to £4,600,000
fdepending similarly on the size of the pipe), with cost of delivery varying
from 3s. to Ss. per 1,000 gallons*.

The scheme adopted was for a daily supply of 5 million gallons,
at a probably capital cost of £2,500,000, and a selling-price
of 3s. 6d4. per 1,000 gallons, after allowing for interest and
depreciation. The consumption of the water provided by this
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scheme, which is still in its infancy. has not yet amounted to
more than one-fourth of the guantity allowed for: and the
Author reported to the Government, soon after becoming
responsible, that until much greater development of mining
occurs, the consumption is not likely to exceed one-half of
that allowed for. It is therefore due to those originally
responsible to point out that when the proposals were
inaugurated, and, in fact, up to the time when the works were
cpened, no information and no authoritative opinion outside the
Public Works Department could be obtained as to the probable
consumption; while, on the other hand, there were the greatest
expectations in the public mind of more extensive working of
low-grade mines, when comparatively cheap water should be
available. These eXpectations were not confined to the general
public; for. some doubts having been expressed in Parliament as
to the probability of so much as 5,000,000 gallons being used
daily on the goldfields, a2 well-known firm offered to take that
quantity daily for 20 years at 3s. 6d. per 1,000 gallons,
provided that the Government would not compete with them in
price. In September, 1B96, Parliament sanctioned the raising
of a loan of £2.500,000 for the construction of a
storage-reservoir of about 5.000 million gallons capacity, a
30~inch lipe of steel main throughout, and a series of eight
pumping-stations., with the necessary receiving-tanks and
distributing-reservoirs.

In January, 1897, a Commission of English engineers -
consisting of Mr. John Carruthers (the Consulting Engineer for
the State, in Lendon), Dr. George F. Deacon and Professor W.C.
Unwin - was appointed to inquire into and make recommendations
as to the kind, thickness and size of pipe to be employed;
whether it should be placed above or below qround: and the
number, positiong and power of the pumping-stationsg and
engines, and the pumping and break-pressure reservoirs.

Mr. O'Connor, who was then Engineer-in-Chief to the State,
personally placed all available information before the
Commission, which issued two reports. (Appendix) In the first
or interim report nine pumping-stations were recommended. 1In
the final report the Commission submitted an alternative
arrangement, with eight pumping-stations in lieu of nine; and
in the adopted scheme the locations of the pumping-stations
differ but slightly from those of the first eight stations
proposed by the Commission in their interim report: but it was
possible to omit the ninth pumping-station, as it was decided
to deliver the water into a large service-reservoir at R.L.
1630, near Bulla Bulling instead of on a high hill near
Coolgardie, and to increase the lift at each of the last four
stations by such small amount as would enable this to be
accomplished.
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The detailed description of the works will be divided under the
following heads:-

I. The storage-reservoir.

II. Construction of the weir.

III. The pipe-line.

IV. The pumping-machinery.

V. The pumping and service-reservoirs, reticulation. ete.
Vi. Cost of the works.

The following general outline is given here to facilitate a
clearer understanding of the details.

General outline of Scheme - A daily supply of 5,600,000 gallons

was provided for, of which 5,000,000 gallons was for use in the
goldfields, and the balance for waste and consumption en

route. The supply is obtained from an artificial reservoir,
having a capacity of 4,600 million gallons. From this
reservoir the water is pumped through a steel conduit, 30
inches in diameter, by a series of eight pumping installations,
to the main distributing reservoir at Bulla Bulling, 308 miles
from the main storage reservoir and 1,290 feet above the lowest
outlet-level of the latter. From the Bulla Bulling
distributing.- reservoir the water gravitates for 21 miles to the
Coolgardie service-reservoir, and thence to the Kalgoorlie
service-reservoir, a further 23 1/2 miles, the total length of
the conduit from the supply reservoir being 351 1/2 miles.

The first pumping station is located on the right bank of the
Helena River and 650 feet down-stream of the
storage-reservoir. The pumps draw their water from a
stand-pipe 4 feet in diameter, which is placed immediately in
front of them and is fed by a 30-inch steel main, which,
beginning at the outer valve-house passes under the
boiler-house before entering the stand-pipe. The pumps here
lift the water a net height of 415 feet, through 1 1/2 mile of
pipe, and deliver it into a concrete receiving-tank having a
capacity of 468,000 gallons and a depth of 15 feet of water.

The pumps at Station No. 2 draw their water from this receiving
tank, the maximum suction-lift being 11 1/2 feet, and deliver
it into a concrete regulating-tank at Baker's Hill, 22 1/4
miles from Station No. 2, the net 1lift being 340 feet. Fronm
the Baker's Hill requlating-tank, which is 15 feet deep and has
a capacity of 500,000 gallons, the water gravitates to the West
Northam regulating-tank, 12 miles distant. This tank is
similar in construction to that at Baker's Hill, having the
same capacity and depth.

The net fall is %4 feet from Baker's Hill to West Northam,
whence the water gravitates to the Cunderdin reservoir, a
further 41 miles, thus making a total length of 75 1/4 miles
between Stations 2 and 3. The Cunderdin reservoir has an
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available capacity of 10 million gallons. No. 3
pumping-station is located aboutr 3/4 mile from this reserveir,
and the pumps draw their water from a stand-pipe, similarly to
those at No. 1. The section between Stations Nos. 3 and 4 is
62 3/4 miles in length, the net 1lift at No. 3 being 215 feet.
The water is delivered into a c¢irecular concrete tank at No. 4,
having a capacity of 1 million gallons and a depth of 1% feet.
From Station No. 4 the water is lifted a net height of 333
feet, and delivered through a section 32 1/2 miles long into a
rectangular concrete receiving tank 20 feet deep, with a
capacity of 1 million gallons. At Stations Nos, 5, 6, 7 and 8,
the arrangements are similar to those at Station No. 4, and the
receiving tanks at Nos. 6, 7 and 8 are similar in design to
that of No. S, having also the same capacity and depth. The
net lifts at Stations Nos. %, 6, 7 and 8 are respectively 52
feet, 106 feet, 56 feet and 183 feet, and the corresponding
lengths of section 46 miles, 31 3/4 miles, 45 miles and 12 1/4
miles. From Station No., 8 the water is delivered into a main
service reservoir at Bulla Bulling, of 12 million gallons
capacity. Thence the water gravitates to Coolgardie, and from
Coolgardie to Kalgoorlie. These towns are provided with
circular concrete service reservoirs, that at Coolgardie having
a capacity of 1 million gallons and that at Kalgoorlie of 2
million gallons.

Early in 189%8 the first work on the scheme, namely,
construction of the branch line of railway to the weir, was put
in hand, and was completed in the following August. 1In April
of the same year, excavation for the foundations of the weir
was started; concreting was begun in February. 1900, the first
pumping took place in April, 1902, and the weir and subsidiary
Works were practically finished in April, 1903.

Contracts for the pipes were let in October, 1898. and for the
pumps in March, 1900. The excavation of the pipe-trench was
begun in March., 1900. The laying and jointing of the pipes was
begun in March, 1%01; about %0 miles were completed that vear
and the remaining 260 miles (including the extension to
Kalgoorlie) in 1902. The water reached Kalgoorlie in the
middle of January, 1903, and the works were formally opened on
the 2é6th of that month. The whole period of construction had
thus been less than 5 years, although it was necessary to
import all material for construction of the pipes. cement,
valves and specials, lead for jointing, pumping machinery, the
iron work in the weir, and much other material.
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I. - THE STORAGE-RESERVOIR,

When the scheme was first propounded, and, in fact, until
shortly before the construction of the weir was begun, there
were no river-gaugings available: conseguently, in judging of
the probably inflow into a reservoir, it was necessary to base
calculations on results obtained in other countries. About
3,000 square miles of the Darling Ranges having been examined,
and thirteen possible sites surveyed in a preliminary manner,
it was finally decided to place the reservoir at Mundaring on
the Helena River. where the cost of construction per million
gallons of storage would be least.

The rainfall for the year 1902 may be taken as typical of the
rainfall generally. During that year the total rainfall, as
recorded at the Helena weir, amounted to 27 1/2 inches, the
total number of rainy days being 81; i.e.., the average
precipitation per rainy day was only 0.34 inch. The maximum
rainfall in any one day was 1.41 inch.

The unusual variations in the yield are due. in the Author's
opinion, to two other causes, whose effects in new countries
where records are scanty require much experience and
consideration for their correct estimation. The first is that
the rainfalls of York and Mundaring, which are all that are
available, require to be greatly discounted, owing to a rapia
rise of the country for several miles inland from Mundaring,
and then a fall te the tableland of the interior: and it is
therefore probable that the rainfall on the reverse slope of
the Darling Ranges. and on much of the tableland adjoining, is
less even than that at York. The second causge is that on the
tableland, where the rainfall is smaller and the country is
more absorptive than on the ranges, a large and more or less
definite amount should be deducted from the rainfall before any
estimate of the off-flow can be made,

It wags early evident that much of this difficulty would be
obviated by placing the weir lower down the river, and thus
inecluding a larger proportion of quick-ghedding catchment.
This, however, would have given a worse reserveoir-site and
would have entailed extra expense, both capital and annual, on
account of the greater pumping-1ift: the site higher up-stream
was therefore adhered to. The startling results of 1902,
however, could not be foreseen; and as, in the Author'’s
opinion, the available records of rainfall render it more than
doubtful whether, when the full estimated daily consumption is
reached, even the 2 years' storage capacity will be sufficient
to tide over bad seasons. the responsibility was incurred by
him of recommending any necessary additions to the works. It
was not considered advisable to raise the reservoir wall -
although 1t 1s strong enough to bear some additional static
pressure - since the limit of economy of the site has already
been reached; and it has therefore been recommended that so
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soon as the demand warrants that course, catch-water drains
should be extended into the well-watered and quick-shedding
country draining into the Helena balow the present weir.

By this means, for an expenditure of about £45,000 (only 1 1/2
per cent of the total cost of the scheme), enough exXtra
catchment area could be inc¢luded to ensure a yield from the
present reservoir of 6 1/2 million gallons daily - gay 50 per
cent more than what is now a certainty.

Evaporation and Loss from Reservoir - As will be explained later,
the site of the weir was so¢ badly f£issured, and the basin of
the reservoir so extensively c¢rossed by basaltic dykes, that
competent geological authorities believed that extensive
stopping with concrete might be necessary. It was a matter of
great interest, therefore, to ascertain what loss, if any, from
the reservoir might result from this fractured condition; for
it was decided that, except as regards the fisgsure across the
site of the dam, no precautionary measures should be taken in
the first instance. Between the lst November, 1501, and the
28th February, 1902, no water at all was drawn, and a
favourable opportunity for testing the probable annual loss was
thus afforded. The total loss is at the rate of only 4 1/2
feet of depth per annum - which is not much more than the
evaporation alone should amount to - the danger of building
where similar basalt dykes occur can be seen to be not
excessive. The point is one of the greatest interest in
Western Australia, not only because the location generally of
the streams in the ranges seems to have been determined by the
greater ease with which these basaltic dykes have been
disintegrated and ercded, but also because practically the only
site availlable for the reservoir of the ultimate gravitation
scheme for the West Australian metropolitan area, lately
reported on by the Author, is even more fissured than that at
Mundaring.

Quality of the Water - Exceptl in a few tracts where salts have
been leached out of the so0il by heavy rainfall, even the
surface waters of Western Australia generally, although soft,
contain a comparatively large amount of dissolved mineral
matter, chiefly common salt. High chlorine results have
therefore to be expected on analysis, and this test of possible
contamination o¢f the sources of supply, whatever its value
elsewhere, is inapplicable; but as the catchment is so large,
and as much of the area was alienated before the scheme was
inaugurated, and would cost an excessive sum to buy back, a
small amount of habitation on the catchment is inevitable.
Moreover, except in these small patches, the land is covered
with forest and scrub; and, with a small ratio of off flow, the
decaying vegetable matter would be expected to result in high
ammonia €igqures on analysis of the water. Although this would
in itself be harmless, it was recognized that the presence of
the dissolved organic matter might be accompanied, on occasion,
by dangerous bacteria of decomposition; and, as filtering '
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before delivery is not included in the scheme, it was
determined to institute periodical analyses in the first
instance, and, later on to make also regular bacterial
examinations.

pisposal of Surplus Flood Haters - Although when the scheme was
inaugurated there were no gaugings by which the probable total
inflow into the reservoir from year to year could be arrived at
with certainty, there was ample evidence to show that the
Helena and other streams similarly situated were liable to
heavy floods. and as at the site chosen for the weir the valley
through which the Helena runs converges abruptly, being in fact
a deep gorge flanked on both sides by high hills, the width at
the bed of the river being only 15 feet, and at 100 feet above
the bed 750 feet only from solid rock to solid rock, the usual
method of disposing of flood-waters, namely, by means of a
by-wash, was precluded by its cost. It was therefore decided
to pass all floods over the welr crest, notwithstanding that
calculation showed that for safety as much as S5 feet in depth
over the whole length of the welr would have to be allowed

for. Although, so far as the Ruthor is aware, the weir is the
highest overflow-weir in existence, this depth was not
considered excessive, because no debris whatever is brought
down in floods, which, even when of the heaviest, could not be
of very long duration. Indeed, the whole flow of the river
lasts less than half the year at most, so that sufficient time
is afforded for repairing any damage done to the weir-face and
footings. In order to facilitate the descent of the water, the
profile of the weir-crest was approximated to a parabola, and
the form of the curve follows very closely that of the Holyoke
Dam, in the United States, which was determined by experiment.
The reservoir overflowed for the first time during the rainy
season of 1903, and, for about 2 weeks, § inches of water
flowed over the crest without doing any damage to the wall.

The water c¢lung perfectly to the whole wall-face while
descending. The same result is not to be expected when the
depth over the crest is much greater; but obviously some
departure of the deeper flowing water from the wall would not
matter much. The downstream face of the dam is broken by three
guide-walls which prevent any scour at its foot by the spill
water, whic¢h would otherwise have run along the toe; and where
the wall is highest, a spill-water basin or water-cushion has
been provided, from which a wide channel, excavated in the
river-bed and lined with stone, carries all flood-water rapidly
away clear of the dam and of the pumping station below it.

The loss by evaporation and percolation has proved to be very
small, and the overflow and draw-off arrangements of the
reservoir have worked most satisfactorily.
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IT - CONSTRUCTION OF THE WEIR

The governing factors of the design were that the maximum
pressure on any portion of the wall should not exceed 8 tons
per square foot, and that the centres of pressure should be
well within the middle third, both with the reservoir empty and
when 5 feet of water was flowing over the crest.

Preliminary Works -~ The reservoir and the first pumping station
are situated at the bottom of a deep valley some miles from the
nearest railway, and as all material, eXcept stone for the
concrete of which the Weir was built, had to be brought from a
distance, the first work put in hand was the construction of a
tram-line, to the standard railway-gauge of the State, starting
from Mundaring station on the existing line of railway. The
next question was the provision. at a comparatively waterless
spot, of a permanent supply of water fit for the use of the
many men to be employed. as well as for the works. The
requirements were met by constructing, in the bed of the future
reservoir and about 9 chains above the weir wall, a temporary
concrete dam impounding about 20 million gallons, and by
forming, from the by-wash with which this small reservoir was
provided, a channel capable of carrying away 100 million
gallons per diem. The channel was formed for the most part of
open cut, but a timber flume carried the flood-waters across
the weir site.

Foundations - Generally speaking, the country at the reservoir
site is very rocky, consisting largely of undecomposed granite,
traversed by intrusive basaltic dykes whose direction is mostly
at right-angles to the course of the river. At the site of the
welr, however, the granite showed out particularly clearly. and
the few trial-shafts, put down where the rock was shattered,
reached solid granite at no great depth, the deepest of the
shafts being only 20 feet deep from the ground surface. On
opening up the foundations, however, it was discovered that the
rock was nothing like as s0lid as surface indicationg and
trial-pits promised:; for on the right bank a large portion of
what at first appeared to be bed-rock was found to consist of
an immense boulder with a large cavity below it: and under the
bed of the river the granite was very badly fissured over the
full width of the foundations. It was not possible to vary the
site, as the disruption was found to extend both up and down
stream for a considerable distance; and there was no
alternative but to follow the fissure down, which was done
until a depth of 90 feet below river bed was reached. At this
level the filling material in the fissure was found to be so
compact that it was but slightly eroded by a jet of water
discharged under a pressure of 250 lbs. per square inch. It
having been seen that the fissure had a northern underlay, a
vertical boring was now made on the north bank of the river,
which cut the fissure at about 165 feet below river hed. and
was continued for a further depth of 52 feet. The bore was
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then filled with water, and the material in the fault was
subjected to a hydrostatic pressure equivalent to a head of 690
feet, which was maintained for 4 hours, during which time the
foot and hanging walls of the fissure, and the line of fissure
at the bottom of the excavations, were all carefully examined;
but no signs of moisture could be detected. It wasg concluded
Lhat the material in the fissure, at the depth which the
excavations had then attained, was impervious to water, and
that it would therefore be safe to erect the weir thereon.

Where the wall would be highest, that is, where the fissure
occurred in the foundations, the excavations were carried down
about 15 feet from the building-line in a vertical direction on
the up-stream face: but as one of the basgaltic dykes crosses
the valley a short distance away on the down-stream side, it
was considered necessary to remove the whole of the material
between the hanging wall of the dyke and what would otherwise
have been the toe of the weir. The concrete filling of
foundations was carried up to bed level on the up--stream face,
but on the lower side the mass filling was stopped 18 feet
below bed-level and the wall proper was begun to the designed
gsection. The granite beds, or floors, were deeply chased in
longitudinal rows about 6 feet wide and 3 feet deep, and the
toe of the wall-batter, where it met the granite floor, was
channelled the whole length to key the concrete in.

The great inequality in the depth of the foundations, and their
apparent doubtfulness for a work of this magnitude., have not
appreciably affected the weir; for although very fine vertical
lines, such as invariably occur in the concrete lining of
service reserveirs in hot countries, have made their appearance
here, they have not extended, and any slight sweats have taken

up.

Prawing-off and Scouring Arrangements - The reservoir is provided
with two valve-towers constructed of concrete. The inner
tower, situated on the reservoir side of the weir, was built
into, and concurrently with, the main wall, being approximately
seml-circular in section. The ocuter valve-tower is rectangular
in section, and is situated 175 feet down stream from the
centre of the weir-wall, being connected therewith by a
viaduct, which carries the outlet and scour-pipes, all solidly
bedded in concrete, as far out as the outer valve-house.
Ingress to the inner valve-tower is obtained by means of a
steel gangway running over the crest of the weir, and supported
thereon by granite cut-water piers 52 feet apart between
centres,

Provision is made for drawing water from the reservoir at three
different levels, namely, at 25 1/2 feet, 53 feet and 80 feat
below full supply level, by means of 24-inch cast-iron
bell-mouthed pipes, passing through the valve-tower wall into a
cast-iron stand-post. Each draw-off inlet is provided with a
stop-valve placed in the valve-chamber, from which valve-rods
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are carried up to bevel-geared headstocks, all placed on the
upper valve-tower floor, which is 1 foot 9 inches above maximum
flood-water level of the reservoir.

Over each inlet are placed screens which can be removed for
¢leaning by means of chainsg worked by winches carried on an
outer platform running round the valve-tower, and supported
therefrom by brackets. Two 24-inch cast-iron spigot-and-faucet
outlet-pipes pass from the stand-post, at 80 feet below
full-supply level, through the weir-wall to the outer
valve-tower. Each outlet is provided with a stop-valve in the
inner valve-tower, and these are regulated similarly to the
valves on the reservoir-inlets,

A 30-inch scour-pipe, leading from a fore-bay 90 feet below
full gsupply level, runs through the inner valve-tower, and
through the weir-wall into the outer valve-tower, It is
provided with a stop-valve in the inner tower, which is worked
by a worm-geared head-stock placed on the upper floor. From
the outer valve-tower the scour passes into the river, where it
has itg discharge. Both the ocutlet-pipes and the scour-pipe
are provided with valves in the outer valve-tower, which will
be brought into use only in the event of accidents to the
reqgulating-valves in the inner valve-tower. Any water soaking
through the wall of the inner valve-tower is led into a sump.
whence 1t can be lifted into the scour-pipe by means of a
water-ejector, supplied with pressure-water from the lowest
inlet. At the outer valve-tower, the two 24-inch outlet-pipes
junction inte a 30-inch pipe, which runs to the stand-pipe in
front of the engines at No. 1 station.

The details of all the ironwork used in the construction of the
weir were drawn out in the State, and all ironwork was obtained
from Great Britain. It speaks well both for the accuracy
displayed in the preparation of the drawings, and for the care
exercised in the manufacture of the various appliances, that
when being grouped together as the work progressed, all parts
fitted correctly into their respective places, without any
alteration whatever.

The site of the reservoir, about B00 acres in extent, was
grubbed and cleared, and all fallen timber and decaying
vegetable matter was taken out of the river-bed and burned:
later on the suckers and scrub were again cut dewn and burned.
About 20.000 acres of the lower catchment-area was ring-barked
with the object of increasing the inflow.

A concrete-lined spill-water basin, about 150 feet long by 100
feet wide, is constructed in the bed of the river, at the toe
of the wall, with a depth of water of about 10 feet. The water
is confined by a mound across the river-bed constructed of
rubble faced with coencrete.
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The excavations for the foundations were begun in May, 1898,
and on their completion in January, 1900, the building of the
wall was started, and was carried on both day and night until
completion in June, 1902, an electric-lighting plant and eight
arc-lamps placed at points of vantage affording ample light for
operations by night.

Cement and Concrete - In the construction of the weir-wall

76,418 casks of cement were used, and a further 1,090 in the
spill-water basin and other subsidiary works, or a total of
77,508 casks, of which 19,767 casks were of German manufacture
and the balance British. The German cement was chiefly used in
filling the deep excavations made in sinking on the fault in
the bed of the river.

The length of the average passage by steamer from London to
Fremantle was more than 6 weeks, and by sailing vessel 90 to
100 days: and as on arrival in the State the cement was
received into storage-sheds where it lay at least 1 month, but
generally for a longer period, during which time tests were
made preliminary to its despatch for use, the cement had some
chance of losing any "freshness" which it might have had when
first placed in c¢asks, and needed comparatively little

slaking. A cement which did not demand much slaking before use
was especially necessary in connection with the smaller
scattered works of the scheme, distributed as they were over
350 miles, and mostly in country whose dry atmosphere would not
tend to satisfactory, or, at any rate, speedy, slaking. 1In
these smaller worKks, the cement, having passed the necessary
tests, was used direct from the casks, because to slake and
then repack it would have entailed incommensurate expenditure;
but at the weir provision was made for slaking fully all cement
requiring it.

The tests, which were of an exhaustive character, were directed
not only towards determining the qualities of ecach batch of
cement, but also to so ascertaining those qualities that after
slight treatment in the State parcels which seemed at first to
be doubtful might be used without hegitation. Situated, as the
works were, at such a distance from the source of supply, this
was essential. Taken altogether., the cements received were
very satisfactory. and as the long-date tests become due, and
the samples are examined and the briquettes broken, the results
confirm the good qualities adjudged after the shorter tests.

One feature in the relative rise in temperature on hydration of
slaked and unslaked cement is worthy of notice. On several
occasions samples taken straight from the casks showed a
comparatively small rise in temperature, yet the same cement,
after exposure to the air, registered a considerable rige. For
the purposes of closer examination a long series of experiments
was made with the same shipment of cement air-slaked under
three different conditions, namely:-
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{1) Under the corrugated-iron roof of a shed.

{2) Under the wooden floor of the same building, spread in
thin layers on a large tarpaulin and turned over daily; and

(3} Under the same floor. but placed in a box covered with wet
bags, passages for currents of air being left between the
cement and the bags. which were wetted and turned daily.
It is difficult to assign reasons for the maximum rise in
temperature shown in the results. However, the results
obtained from long-date tests of this same consignment,
show satisfactory increase of strength.

The effect of slaking on subsequent expansion was also the
subject of a long series of tests. Ordinary glass test-tubes,
6 inches by 1 inch, were filled with gstiff grout, and placed in
cold-water baths after the cement had set. The tubes usually
cracked after 3 days or more when filled with fresh cement,
showing a high rise of temperature on hydration: but as slaking
proceeded, so did the enerqgy of the cement decrease. Further,
there was apparently renewed activity after months of
quiescence, tubeés being cracked although the cement core itself
remained hard and sound and, so far as the eye could detect,
absolutely unharmed.

Except about 1,000 cubic yards of shactp, coarse- gralned sand
obtained from the river about 1 mile below the weir- site, the
whole of the sand was brought from either Lion Mill or
Bayswater, distant 8 miles and 22 miles respectively, by
railway. That from the former was of gquartz, and very
fine-grained, yielding even and good results in the
testing-room. The quarry., however, required heavy stripping of
mould, and the sand itself required screening and thorough
washing, to cleanse it from vegetable and earthy matters. This
entailed the erection of a sand-washing plant. The sand from
Bayswater was of a much better class, and required but light
washing to free it from all earthy material.

About 30,000 cubic yards of spalls., for crushlng Lo concrete
size, were selected from the material obtained in the
excavation of the foundations. For the plums and the balance
of the spalls required, a quarry was opened on the north bank
of the stream, below the weir, and about 70 feet above
river-bed.

The weir and all accessories were built of concrete, but in the
former, large rough granite blocks, just as quarried. were
introduced into the concrete. It was originally intended to
build the wall with 50 per cent of these large blocks: but
without proper plant, which was not available, handling would
have been very expensive. The concrete consisted of 5 parts by
measurement of granite crushed to 2 1/2 inch gauge, 2 parts of
cleaned sand and 1 part of Pertland cement. So long as the
wall remained below the level of the mixing-house, the mixture
was conveyed to the work on an endless conveyor working in a
trough, with travelling boards secured by ropes and spaced
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2 feet apart, thus ensuring that the heavier aggregate was not
separated from the matrix on the way. Later, the concrete was
conveyed on a trolley-line in skips, to a large derrick-crane,
which lifted the skips on to temporary tram-lines on the
growing wall: they were then pushed by hand to a travelling
steam-crane which lifted each skip in a bridle, overturned,
emptied, and returned it to its carriage. The c¢oncrete was
spread and rammed by hand, the various layers being broken up
so far as the width of wall would allow, in order to break bond
in both beds and joints; and in addition, the large rough
blocks, up to 2 cubice yards in volume, were deposited and
thoroughly bedded and grouted, in order to key the
bedding-planes together.

For the first 10 feet the batter was lined and the concrete
retained by rubble masonry, but above this level wooden framing
wag substituted.

Rendering of the face was not desired or found necessary, as
great care was taken, when depositing the wet concrete in
contact with the moulding-boards, to keep all stone well back
with straight spades, and a good finished face resulted on
stripping. The valve-tower and viaduct, which were carried up
with the main wall, were similarly built between
moulding-boards, the frames inside and out being formed of
upright studs, cross silled and lagged with 4-inch by

1 1/8-inch tongued and grooved Oregon boards fixed vertically.
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III - THE PIPE-LINE

The points on which the Commission of English engineers were
asked to advise were, as regards pipes and main generally -

fa) “Whether the pipes should be laid In a trench and covered in, or left
exposed to view."

(b) "Whether it would be safe to rivet up the whole line of pipes, or
whether jolnts, to allow for contraction and expansion, are necessary;
the kind of jolnt most suitable., should they be necessary.”

ic) "Materlal and method of manufacture of pipes, whether welded or
riveted, and whether welding and riveting shall be square or spiral.*
The use of cast iron being prohibited by the cost and the difFiculty
of freilght both by sea and by 1land, the Commissioners were not to take
1t into account.

fd) "The diameter and thickness of pipes., and method of protecting.”

As regards (a), the Commissioners were informed that there were
possibly deleterious salts in the so0il of a large part of the
district through which the agueduct would pass; and. for this
reason, and also in order to aveid pressure on the empty pipes,
to save the expense of trenching, and especially to facilitate
detection and suppression of leakage, they recommended that the
pipes should be laid above g¢ground, uncovered, with
expansion-joints.

The Commission recommended that the pipe should be of steel
throughout, suypported on bolsters, and riveted up in lengths of
about 110 feet, with expansion-joints at these intervals, and
anchor joints midway, fixed to masses of concrete or piles, in
order to prevent the pipes from creeping. The minimum
thickness was fixed at 13/16 inch; and the pipes were to be
longitudinally riveted where the pressure was such that the
thickness of shell for riveted pipe was not required to be
greater than 1/4 inch, and welded for all higher pressures;
with a minimum thickness of 1/4 inch.

Tenders¢ for the pipes were accordingly invited from Australia,
Europe and America. Tenderers were at the same time invited to
submit alternative prices for any other kind of pipe which they
desired to put forward. The lowest of the tenders received
were as follows, the prices being for delivery in the Colony at
a point 22 miles inland:-

26



Lowest Tenders received in

!
Class of Pipe | Europe | Australia
i £ ] £
Riveted pipes . . . . . . . . . . | 782,708 | 682,827
Welded " e a e e e e e e e | 472,600 | . .
Locking-bar pipes in lieu of | i
welded pipes . . . . | . | 239,868
| I
Total . . . | 1,255,308 ] 922,695

The locking-bar pipe, for which alternative tenders were
received, had been considered by the Commission and favourably
commented on, but was not recommended for so large a scheme,
because proof of its successful manufacture and use on any
considerabla scale was not then available. Subsequently,
however, and before receipt of the tenders, 10 miles of main,
25 1/2 inches in diameter, had been laid in South Australia.

It had been found that pipes made from 1/4 inch plate and fresh
froem the closing machine would withstand a pressure of 400 1bs.
per square inch - or nearly twice what would be alloweed
continuously in practice on pipes of this thickness of plate -
without a weep; and, moreover, all pipes which did not stand
the test could be passed back to the closing-machine to be
reclosed, instead of being subjected to the usual
caulking-processes so injurious generally to the plates and
jointings. Practical use on a fair length of main also showed
that the jointing could be successfullly accomplished. thus
leaving only questions of comparative cost and comparative
usefulness to be considered in deciding whether the new pipe
should or should not be used in place of welded and rivetead

pipes.

Taking first the Australian prices for locking-bar pipes and
contrasting them with those for welded pipes, the saving is
geen to be very marked, being within a few pounds of 50 per
cent. Moreover, the price of locking-bar pPipes was but little
mere than that of riveted pipes. The lowest tenderers were
therefore asked to consider the matter again, and they quoted
prices for the locking-bar pipes which contrasted as follows
with those received for the riveted pipes:-
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Thickness of

Metal in Pipe. Riveted Pipe. Locking-Bar Pipe.

| I I !
I | I I
| I I |
| Inch. | £ 5. d. | £ s. a. |
I I I I
I 3 I | I
| 16 | 12 12 9 ; 13 10 0 |
I I I I
I 1 I | I
| 4 I 16 5 0 | 16 15 o |
I I I I
I S I | !
i 16 I 20 3 ) ; 21 o 0 |
I I | i

Making a deduction of 1/16 inch from the thickness of the plate
to allow for corrosion and contingencies, and assuming a safe
working-pressure of 7 1/2 tons per square inch of net section
of metal, the safe head of water on pipes of these thicknesses,
and 30 inches in diameter. is shown by the following Table:-

| Thickness | | |
|lof Metal | Safe Working-Head i
[Metal in Pipe. | Riveted Pipe. | Welded Pipe. ]
I I I I
| Inch. | Feet. | Feet. |
| I I |
I 3 I | !
| 16 | 220 i 323 |
| I I |
| 1 I I |
I 4 I 340 | 485 ;
| I I I
| 5 I I I
] 16 | 458 | 547 |
| I I I

The locking-bar pipe being as strong as welded pipe, it would
be possible to effect considerable economy by using 3/16-inch
and 1/4 inch locking-bar pipes, in place, respectively, of the
1/4 inch and S/16 inch riveted pipes which had been specified
“originally; but it was recognized in the State, when pipes of
s0 small a thickness as 3/16 inch were included in those to be
tendered for, that great care would be required in handling
them, in oxder to prevent damage; and one result of the
favourably low tenders was that a minimum thickness of 1/4 inch
was provided throughout, thus greatly increasing the probable
life of the main in the every portions where the soil is worst,
and the variations in temperature greatest. Moreover, by
having one thickness and one diameter throughout, the
contractors were induced to make a further reduction of 5s. per
pipe, s0o that the whole length of main was laid with pipes
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30 inches in diameter, thus effecting some saving in the
capital cost of the pumps, as well as in the cost of pumping.

As the adoption of locking-bar pipes obviated the serious and
continuous loss of water which was to be anticipated from a
pipe having multitudinous rivet-holes, the question was
considered whether the s0ils in which the pipe would have to be
laid would tend to shorten its life, and if so, to what
extent. As already mentioned, the natural water obtainable on
the goldfields is highly mineralized; moreover, it often
contains free acids. Therefore thin unprotected pipes in
contact with this water could not have any lengthy life -
conclusion which experience has confirmed; but careful analysis
of the soils along the pipe-track showed that, where mining
operations did not entail distribution of such water on to the
soil in which the pipes might be buried, this soil has been so
much leached as to have lost many of its harmful properties,
except. of course. in the salt-impregnated beds of the
so-called *lakes". It was decided. therefore, that in the
latter situation the pipes should be laid on trestles above
ground, but covered with a low roof of galvanized iron:; and
that in the remainder of the section they should be buried.
thus obviating any necessity for expansion-joints and
permitiing, in fact, the use of ordinary lead jointing.

The Coating - In determining the composition of the coating to

be used, wide extremes of temperature had to be allowed for.
The fierce and continuous heat of the goldfields summer., when
the temperature in the sun attains 150° to 1709F., is
gsufficient to render even block asphalt plastic. ©On the other
hand, the frosts of winter would injuriously affect too hard a
¢oating; and, moreover, as experiments showed, the extreme
dryness of the soi1l at certain seasons, together with the heat,
would very likely cause some loss of essential oils. As the
result of a large number of tests of mixtures, made both at the
pipe-works and at the head office, the coating used consisted
of one part of asphalt and one part of coal-tar applied as
described later, and freely sprinkled with sand while still hot
and soft, to reduce the risk of the coating running when
exposed 1in hot weather. No doubt the latter object could have
been brittle and more liable to flake off the pipes. Even the
coating used ran to some extent when exposed for many days to
the hot sun; but all exposure of metal, owing to this and other
damage, was systematically made good just before the pipes were
buried. The inside of the pipes was similarly coated - except,
of course, that no sand was applied; but, as the water passing
through is soft, although containing 20 grains of solids per
gallon, and as vegetable acids are absent, much corrosion of
the interior surface is not anticipated: and where the pipes
have been emptied and opened 12 months after water started to
pass continmously through them, the interior has appeared to be
as clean and good as when they were first laid.
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Joints - A simple sleeve joint was adopted, the ring being 8
inches wide, and 1/2 inch larger internally than the pipe
externally, to allow for slight variations in the ring, and to
permit of the use of lead filiing throughout. For
working-heads of 320 feet and less, the weight of ring used was
126 1bs: but for heads of more than 320 feet a stronger form
was used. the weight per ring being 160 1lbs. The finished
jointing has proved very effective, the loss through leakage
being small. From the pipes alone, on Sections 1-5., it was
found to be 343 gallons per mile per diem. From the whole
length of 295 miles between the storage-reservoir at Mundaring
and the last pumping station it was found to be 480 gallons per
mile per diem, over 10 months' working. This figure includes
losses due Lo evaporation and percolation from nine pumping and
break-pressure reservoirs of contents aggregating 16 1/2
million gallons. BAs a direct line from the Helena reservoir to
Coolgardie does not deviate far from the railway already built
to the goldfields, it was resolved that from Northam eastwarad
the pipes should be laid parallel with the railway and at a
distance of 45 feet therefrom; thus gaining the great
advantages of easy carriage and, subsequently, of easy supply
of water to the railway: but between the weir and Northam the
railway was deviated from, in order to shorten the distance,
and also for the purpose of traversing higher country and thus
reducing the pressure on the pipe.

Where salt lakes or their beds oc¢ccur, the main is carried on
timber trestles, the pipes being surrounded by an insulation of
saw-dust, which is kept in place by galvanized corrugated

iron. This arrangement has been quite successful, no movements
at the joints having taken place. Across the Avon River the
pipe is duplicated, sunk beneath the bed of the river, and
embedded in concrete, At railway and road-crossings, the pipe
is also protected by a shield of concrete.

At intervals of about 5 miles, stop-valves are inserted, the
diameter of the main being reduced by cast-steel reducing
pieces to 21 inches. Where long rising gradients occur,
reflux-valves are placed, the pipe being similarly reduced,.
Scour-valves are provided where required at both stop-valves
and reflux-valves. The stop-valves are actuated by slow motion
gearing, and, on sections where the water hammer was likely to
be considerable, small by-passes were introduced. and so
controlled that the water was brought to rest very slowly.
RAir-valves of the Glenfield pattern were placed at all summits.
a nest of three being placed at the highest points, a nest of
two at intermediate points, and a single valve at the lowest
points. These valves are of the double type, provision being
made for a large escape of alr when charging the main, while
alr accumalating in the pipe is automatically discharged. This
automatic discharge, instead of being obtained by varying the
diameter of the ball, is effected by variation in the diameter
of the orifice in the nipple. By this arrangement the
nipple-orifices for the high points, where the pressute is
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light but where larger volumes of air accumulate, are the .
largest diameter, and consequently afford the maximum provision
for the discharge of air.

HManufacture of the Pipes - A pipe consists of two plates, each of
the full length of the pipe and each bent to a semicircle. The
edges are burred or beaded to the shape of a dove-tail, and are
inserted in the open jaws of heavy longitudinal bars which are
subsequently closed cold on to the edges of the plate thus
forming longitudinal dovetail joints. The steel used in both
Plates and bars was open-hearth basic steel with a specified
tensile strength at first of not less than 25 tons, or more
than 29 tons, per square inch., Experience gained in the
manufacture of the pipes, however, showed that steel of this
quality was somewhat too hard for the bars, which, owing to the
cold working, failed under test by the bursting of the jaws
before the plates were ruptured. It was also found that when
bars weighing 6 1/2 1bs. and 7 3/41bs. per lineal foot were
used. respectively, with 1/4 inch and 5/16 inch pPlates, the
bars failed before developing the full strength of the plate:
consequently, the respective weights of the bars were inereased
to 7 1bs. and 8 1/4 1bs. per lineal foot, the steel in the bars
being of a tensile strength of between 22 tons and 26 tons per
square inch. From each week's output of pipes at the works
pieces were cut and tested to destruction.

The pipes were made in Western Australia from imported plates
and bars. Of the former, one-half were brought from Germany.
and the balance from America; but all the bars and the joint
rings were obtained from England. The plates., which were a
trifle over 28 feet long by 4 feet wide, were first passed
through horizontal rollers. three above and three below, for
the purpose of taking out all kinks anda rendering the plates
perfectly straight. They were then cut square and to the exact
length of 28 feet. The planning and dovetailing machine next
cut them to the exact width, and then burred the edges by means
of rollers to form the beading for the dovetail joint.

The plates next passed through a longitudinal press wherein
both edges were given the required curvature, thus avoiding any
necessity for the beading or dovetail being passed between and
damaged in the curving-rollers to which the Plates were now
brought, to be bent intoc semicirecles in the usual way. On
completion of this process most of the scale had been loosened
and detached, and the plates, having been thoroughly cleansed
of all remaining scale and rust, were ready to be formed into
pipes. One semi-cirecular plate was now pPlaced in a row of half
circular cramps, resting on seats, and a locking-bar was fitted
over each edge. Another semi-circular plate was then inverted
and lowered until its edges rested in the upper grooves of the
locking-bars. The upper halves of the cramps were then placed
over the top of the pipe and connected to the bottom halves,
and the plates were brought firmly home into the grooves of the
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locking-bars by tightening the cramps with cotter-pins. The
pipe in its encircling cramps was then conveyed to a hydraulic
closing-machine capable of developing a pressure of about 1,200
tons, wherein the lo¢king-bars were pressed on to the plates,
completing the manufacture of the pipe. The whole of the
operations were performed without heating plates or bars.

Each pipe, before being passed, was subjected to a hydraulic
pressure of 400 lbs. per sqguare inch. The closing of the
locking-bars was so effectual that only a small percentage of
the pipes were found to sweat at the bars. These werée returned
to the closing-machine and re-pressed, and this was found to
stop the sweating effectually. About fifty pipes failed
altogether in the joint under this test,

After being tested and passed, the pipes were coated. They
were first heated to a temperature of 300°F. and then placed

in a bath consisting of a solution ¢f ordinary gas-tar and
Trinidad asphalt, in the proportions already stated, and kept
at the boiling-point. ©n being lifted from the bath the pipes
were allowed to drain for about a minute, and were then
revolved in a machine while a jet of cold air was forced
through them, for the purpose of ensuring that the coating
should set in a uniform thickness. When it had cooled
considerably. and just before setting, a sprinkling of sand was
thrown over the outside of the pipe and gently pressed into the
coating by means ¢of rollers.

After all initial difficulties common to new methods of
manufacture had been overcome, the pipes were turned out
finished at the rate of 150 to 160 per diem from two factories,
each of which worked two shifts of 8 hours each.

Conveying, Distributing and Unloading Pipes - The whole of the pipes
had to be conveyed on the trucks of a single-line railway of 3
foet 6 inch gauge. Most of them were laid alongside this line,
but those which had to be taken across country when the
pipe-line deviated from the rallway were conveyed from stations
or sidings on specially constructed carriages. The pipes had
to be distributed from the trainsg very gqguickly. s¢o that the
ordinary traffic on a fairly hard-worked railway would not be
interfered with.

The unloading contingent of men, consisting of four gangs who,
up to the arrival of the train, had been engaged on the
excavation of the pipe-trench, then took charge. Each of these
gangs consisted of six men, including a leading hand who
controlled the gang's operations. Each gang had generally
three trucks to unload, and when the train consisted of an odd
number of trucks, the extra truck was allotted to the gang
first getting to work. The average time occupied in unloading,
from the time the loaded train left the siding until it
returned thereto with the emptiles, was about 1 hour and 20
minutes, but the unloading was frequently done in less that
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1 hour. During the remainder of the day the unloading gangs
were kept at work on the excavation of the pipe-trench,
sections of which had been left for this purpose. This system
worked admirably., there being considerable rivalry between the
various unloading gangs, and the general railway traffic was
not interrupted.

Joints — As the whole length of main is of uniform diameter,

the possibility of using machinery in place of hand-caulking of
the lead joint was considered at an early stage. Careful crial
at headquarters of joints caulked by hand and by a machine
devised by a local firm, demonstrated that, whereas the machine
made joints when subjected to hydraulic pressure attaining

400 lbs. per square inch remained guite water tight, on the
other hand, slight sweats and pin-squirts manifested themselves
in the hand made trial joints submitted to the same test. As a
30 inch pipe of 1/4 inch plate springs somewhat, even under the
impact of a very light blow from the caulking hammer, it is
somewhat difficult to get hand-caulkers to finish a joint
water-tight; moreover, in practice, men working in constrained
positions for long hours, in manholes under the pipe joints,
cannot be expected to do uniformly good work. On the other
hand, the machine caulking can be done by pregsure applied
unifoermly on both sides of the joint ring, and quite as
uniformly on the lower as on the upper side of the pipe.
Machine caulking was therefore decided on, with the good
results in freedom from leakage already stated.

The caulking machinery consisted of a portable oil-engine of
the spontaneous-ignition type, built in Australia, and of about
5 1/2 BHP. The underframe of the engine also carried a dynamo
which was belt-driven off the engine fly-wheel. The current
was transmitted through a cable 1/4 mile in length, so that
about 1/2 mile of pipe could be caulked before moving the
generating-plant to a fresh position. The cable was coiled on
a drum carried on the after part of the transport also carrying
the caulking-machine, and a plug contact was used for
connecting ¢able and motor, s¢0 as to permit of unhampered
coiling and uncoiling of the cable on the drum. The
caulking-machine was in two halves, one fitting over and the
other under the joints of the main, and on the top half of the
outer frame was carried the electric motor which was
belt-connected to a shaft, and by means of intermediate gearing
worked the rims holding the caulking-tools. These rims or
racks were guided by small, hardened steel rollers, grooved on
the outer circumferences of the racks, but plain on the inner
circumference.

Intoe jaws on the racks were slipped the caulking-tools, two in
each rack, one operating on the upper half of the joint and the
other on the lower half, i.e., on the underside ¢f the pipe.
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The caulking-machine was mounted on a transport on which it was
carried along the top of the pipe, from joint to joint, the
lower half of the machine being slung on the transport side by
side with the upper half. oOn arrival at a fresh joint the
lower half was lifted off, placed over the joint, and slid
round it to the underside: the upper half was then lowered, and
the two halves were fastened together, racks were clipped and
the tools placed in position, the plug-connection between drum
and motor was made, and the machine was started, the
caulking-tools working round the pipe backwards and forwards
until the lead was pressed home. The number of
semi-revolutions found necessary ranged from five, where the
caulking-rollers were 1/4 inch thick, to seven, where 5/16 inch
or 3/8 inch rollers had to be used to meet the varying distance
between the inner surface of the joint-ring and the outer
surface of the pipe. ©On completion of the caulking these tools
were replaced by Xnives, which cut off the fillet in the last
semi-revolution, bringing the racks back to their original
position, and thus permitting the machine to be dismantled and
moved to the next joint. When once fairly started, the
operations were carried on without hitches, and the machinery
of all descriptions, including motors and dynamos, worked well,
notwithstanding that it was usually working in a cloud of dust
due to the proximity of the trench-filling operations.

Each installation required three men {one a mechanie¢) for the
working and transport of the caulking-machine, one man for the
engine and dynamo, and two hand-caulkers, whose special
function was to caulk at the locking-bars, whose projections
prevented the rollers from working right round the pipe. 1In
addition there were rollers from working right round the pipe.
In addition there were charges for parts of the time of
mechanics and others whose duty it was to keep the electrical
and other machinery in repair. The whole immediate cost of an
installation per diem amounted to £5. 1s. 4d4.:. and as the
average day's work when the initial difficulties had been
overcome was thirty-one joints. the cost per joint was 3s. 34d.,
or 1g. less than hand-caulked joints were actually costing. 1In
addition. the saving in the average size of manhole necessary
was 1 3/4 cubic vards:; and these two savings counterbalanced
the whole cost, including the patent-rights of the machinery.
There is no doubt that, with the experience gained,
machine-caulking could be rendered cheaper than hand-caulking,
especially for a circular pipe without projections; but the
object in this case was to obtain uniform and certain work, and
this wag attained without extra cost.

Excavation of the Prench - The surface formation of the country
traversed is very irregular. On the plains, ironstone
conglomerate predominates, but never extends continuously for
more than a few chains at a stretch. being broken by bands of
sand, diorite, and granite. 1In the timbered belts., sandy clay
is the usual surface soil, but with outcrops of granite,
diorite, and schist interspersed. Where at a2ll possible, the
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material to be taken out was loosened by means of ploughs, each
drawn by four horses harnessed in single file in the line of
trench, and working to any depth required; but the bulk of the
trench was taken out by manual labour, and it was necessary to
use explosives on more than one-fourth of the total material
removed. Where the material could be moved without the use of
explosives, it was found that the most economical depth of
trench, with due regard to cost of obtaining cover-material,
was about 3 feet 3 inches. Where the country was harder., the
trench was taken out to a less depth, the principle kept in
view being that the cost of the trench, added to the cost of
cover, should be a minimum. Occasionally., the contour of the
ground would not admit of economical grading in combination
with proper alignment for the pipes. and, in such cases. cost
was subordinated to the more important consideration of easy
alignment of the main. The excavation of the trench was kept
well ahead of pipe-distribution, laying and jointing, but in
order to provide continuous work for the gangs on these latter
operations, should any hitches occur in the arrival of
materials, sections of trench were left unexcavated at
intervals.

Laying and Jointing Pipes and Fllling in Trenches - The worX was
divided into sections of about 14 miles each, to be dealt with
by one caulking-installation, and when the work was completed
the whole gang went forward to the next available section.
When the works were brought into full swing, seven such gangs
were at work on several sections: and, the c¢lass of work
performed by each being identical. there was considerable
rivalry between the parties. Bad work, due to haste, was
prevented. however, by the appointment of an inspector on each
section, who reported directly to the head office and was
responsible only for the quality and not for the cost of the
work, thus placing these departmental operations on the same
footing as those of a contractor. The rate of progress during
the last 3 months before approaching completion caused
disbanding. was. per day of 8 working-hours of seven gangs,

1 2/5 mile of laying., jointing, and complete filling-in of
trenches. The appliances in use by each gang consisted of two
pipe-lowering trestles, four skids, one pipe-expander, one
lead-melter and retainer, and the engine and caulking-plant.
The lead-running gave great trouble until the lead-melter was
devised, after which honeycombing and other faults were
prevented.

The seguence of the various operations was carefully

regulated. Foremost were the men repairing the coating in the
parts damaged during unlcading or transportation, or where it
had become defective owing to exposure for a considerable time
to the intense summer heat; and in the same set were the
Pipe-scrapers and locking-bar chippers., who chipped or scraped
off the coating at each end of a pipe for a distance of about 6
inches, to ensure good lead-running. Next came men cutting
manholes, a little ahead of those laying the pipes in the
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trench, and following these came the ring-setters, who wedged
up the joint-ring to such gauge as would ¢give a lead joint of
uniform thickness. In succession were the lead-runners, whose
work was, when possible. kept at least forty or fifty joints
ahead of the caulking-machine, especially in winter, as showery
and cold weather affected the guality of the lead-running: thus
stoppage in such weather, or defective work which had to be
remedied, did not delay the caulking-operations. Following on
were the hand-caulkers, who caulked the joint at the
locking-bar and for a distance of about 4 inches on each side
of it. The best results were obtained not by allowing the
hand-caulking to finish abruptly, but by tapering up the the
uncaulked portion:; by this means the machine rollers were able
to work by degrees well back on to the hand-caulked portion;
with an abrupt finish of the hand--caulked portion, the machine
rollers were liable to race and cause breakages. This racing
could of course have been avoided by extra care on the men's
part, but at expenditure of unnecessary time, to save which
would have entailed the danger of the rollers noet being brought
far enough along. thus leaving the joint imperfectly caulked at
the junction of hand and machine work. After the
hand-caulkers came the machine. and as each joint was finished
the joint-inspector examined it; pipes were covered to a depth
of at least 12 inches as soon as the inspector had passed a
joint and it had been tarred, so that the partial filling in
was only two or three joints at most behind the machine. The
completion of the filling-in and the formation of the covering
link was always 400 vards or more behind the machine.

Charging the Main - By the 13th April, 1902, the works were
sufficiently far advanced to enable pumping to be commenced
with one of the engines at No. 1 station. No trouble was
experienced in getting the engines underway: in fact,
practically no hitch whatever occurred at any of the eight
pumping-stations, and after once starting at any station the
machinery was in condition to be worked., and was worked,
whenever desirable. By the 22nd April the water had reached
the Cunderdin Reserveoir, at mile 77, Four months now elapsed
before the laying and jointing of the next section was
completed, and it was not till the 22nd August, 1902, that the
water reached the Merredin receiving-tank at mile 140. Some
little trouble was experienced in charging this section,
through the joints leaking, due mostly to the subsidence of the
pipes laid across the bad ground in the bed of the Mortlock
River and adjacent soft country. It was through leakage of
some of the joints on this secticn that what may be described
as "sand cuts" were first experienced. They were caused by the
joint action of the escaping water and the falling sandy
covering, playing together on a small portion of the outer
surface of the pipe. This action is somewhat similar to that
of the sand-blast, and, under favourable conditions, one of the
thin pipes used could be cut through in 4 to 6 hours,
Fortunately, only six cases of the kind have been experienced
so far. If discovered early. the placing of an encircling band
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on the pipe (such bands were kept in readiness) met the
difficulty; but if the plate of which the pipe was made had a
hole entirely or nearly cut through, a length of the main had
to be emptied and the damaged pipe was replaced. To guard
against occurrences of this nature, the upper halves of the
lead joints were subsequently kept uncovered for some little
time in country of a sandy nature, and where the main is under
a head of 300 feet or more. The water reached the Coolgardie
service-reservoir, at mile 328, on the 22nd December, 1902,
and, finally, the Kalgoorlie service-reservoir. on the 16th
January, 1903, about 8 months after the charging of the main
was started. The pumping was restricted to an amount
sufficient to £ill about 12 to 15 miles of main per day, and.
at this rate of charging, no trouble from air-pocketing was
experienced, it being found that the air-valves had sufficient
discharging capacity to pass the volume of displaced and
escaping air. The whole or part of the main has now been
conveying water for nearly 2 1/2 years without a burst having
resulted either in the main or in the valves or other specials:
the only occasions on which it has been necessary to empty any
portion of the main have been when the "sand cuts" have
occurred.
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I1¥v - THE PUMPING MACHINERY

Frictional Resistance of Pipes - It was originally calculated that
for 2 discharge of 5 million gallons per diem through 30-inch
riveted pipes the frictional resistance per mile would be
equivalent to a head of 4 feet, which was obtained by applying
Kutter's formula with a coefficient of roughness of 0.015, a
figure deduced from the measured frictional resistance of the
48-inch riveted pipe of the East Jersey (U.S.) Water Company.
But the change to a much smoother pipe allowed of a
considerably reduced provision. The Commission of English
engineers had proposed a frictional allowance of 2.5 feet per
mile for welded pipe; but, in view of the class of water to be
dealt with, this allowance was increased by 20 per cent; and as
it was further determined to increase the daily quantity to
5,600,000 gallons, the ultimate allowance was raised to 3.76
feet per mile. On completion of the works, two tests, each of
12 hours' duration, were made, one over 22 miles and the other
over 12 miles of pipe, the results on reduction showing an
averaqge resistance equal to 2.25 feet per mile for a discharge
of 5,000,000 gallons per diem, or 2.8 feet for 5,600,000
gallons. These results, being for clean pipes, are
conciderably less than the ultimate estimates; and this was
foreseen, the main was laid to an even less fall than 2 1/4
feet per mile, in order to save unnecessary present pumping.

The total ultimate friction-head for the whole distance from
the welr to the main service-reservoir at mile 307 1/2 of the
agueduct, calculated at 3.76 feet per mile, amounts to 1,156
feet, and the natural lift to 1,290 feet: and the aggregate
loss at seven pumplng-stations for reservoir provision being
122 feet, the total head to be provided for is 2,568 feet: but
elevated ground between pumping-stations Nos. 2 and 3 made it
necessary to raise water 87 feet highex than if the slope had
been gradual, thus making the total head to be pumped agalnst
2,655 feet.

The great advisability of keeping the machinery to uniform size
and pattern finally determined that the pumping-stations, eight
in number, should provide for a total lift, including friction,
of 2,700 feet or 4% feet more than wasg absolutely necessary -
namely, 450 feet at the first four stations, and 225 feet at
the last four. The waste head thus amounts to a trifle less
than 1 3/4 per cent. Moreover, in regard to the advisability
of uniformity, it was further decided that the first four
stations should be fitted with three groups of machinery, any
two of which should be capable of performing the required work;
and that the last four stations should similarly be fitted with
two groups, each capable of lifting the full quantity per

diem. The power necessary had thus to be the same in every
group. namely 265 effective HP.., but to allow for deterioration
and contingencies the pumping power contracted for was nearly
303 1/2 HP.. or about 14 1/2 per cent extra.

3sn



The requirements and provisions may be summed up thus:-

HP.

Effective horse.-power necessary . . . . . . . . 3,129
b " n provided for work . . . . 3,642

1 H " " as reserve . . . 2,426

Tenders for the necessary pumping-machinery were invited in
April, 18%%9%, makers being permitted to submit alternatives as
in the case of the pipes. In the result a contract was entered
into with Messrs. James Simpson and Co., in March, 1900, for
twenty groups of machinery at an aggregate cost of £242,750,
excluding spares. but including erection. A detailed
description of the machinery is outside the scope of this
Paper, which, however, would be incomplete without the
following brief account, and results of tests.

Description of Machinery - The pumping-plant consists throughout
of almost identical sets, the only difference being that in the
first four stations the pump-plungers are 15 inches in
diameter. working against a specified head of 450 feet, while
in the second four stations the diameter is 21 inches and the
head 225 feet, The engines are horizontal, six-cylinder,
high-duty. triple expansion, surface-condensing engines of the
Worthington duplex. direct acting type, the diameters of the
high. intermediate and low pressure cylinders being
respectively 16 inches, 25 inches and 46 inches, the normal
stroke of the pump-plungers 36 inches, and the piston-speed 150
feet per minute. The pump-plungers are externally and
centrally packed, and directly connected with the steam
pistons. The pump-valves are of stamped bronze. The
steam-cylinders are jacketed throughout on heads and barrels
with steam at boiler pressure, and the steam is re-heated on
its passage both from the high-pressure to the
intermediate-pressure, and from the intermediate-pressure to
the low-pressure cylinders. The re-heater tubes which draw
their steam from the cylinder- jackets are placed low, thus
being the means of drainage for both cylinders and jackets.
The steam-distribution is controlled by Cerliss valves, placed
in the cylinder-heads, and the cut-off in all cylinders is
adjustable by hand while the engines are running. From the
air-pump the condensed steam passes through an exhaust heater
placed in the exhaust steam-main to the condenser. and is
delivered into an elevated feed-tank in place of the ordinary
hot well. From this tank the water gravitates to a Webster
heater and oil-separator where it is further heated by
admixture with the jacket-condensation and with the exhaust
from the boiler feed pump. From the heater the feed-water is
pumped by a Worthington feed-pump through the economizer back
to the boilers. Steam is supplied by 2 nest of Babcock-Wilcox
water-tube boilers, each designed to supply the necessary
quantity for one engine, and having eighty-one tubes 18 feet
long and 4 inches in diameter, a single drum 23 feet 7 inches
long and 4 feet in diameter, with a superheater placed between
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water-tubes and drum. A Green economizer is provided for each
installation. The chimney-stacks are of steel, 5 feet in
diameter:; those at the first two stations are 130 feet high, at
the third apnd fourth stations 100 feet, and at the last f{our
stations 90 feet.

At six of the pumping-stations, reservoirs 15 to 20 feet deep
have been provided adjacent to the machinery, to receive the
discharge from the main and to furnish a store for the pumps to
draw from: and in order to reduce suction lift and facilitate
pumping, the centre line of the pump-plungers has been Xept
below the top of the reservoir by about 8 feet. At stations
Nos. 1 and 3, however, specilal arrangements were necessary. At
No. 1 the pumps, if connected directly with the main from the
large storage-reservoir, would have been subjected to a head of
about 100 feet when this reservoir was full:; and at No. 3,
where there is 3/4 mile of main between the large reserve
reservoir and the pumps. the latter might have suffered from an
undegirable hammer. The difficulty was overcome at each place
by the provision of a stand-pipe open above, from which, as
from a reservoir, the pumps draw.

The stations are brick buildings with corrugated iron roofs.
The engines and pumps rest on granite bed-stones supported by
brick piers resting in turn on a concrete floor. The pump-ends
are bolted down to the bed-stones, but the cylinder-ends are
allowed to move freely on expansion-rollers. The greatest care
was taken in the laying of the foundations, only the best
available material being used: and so far there has not been
the slightest perceptible movement in the foundations of any of
the twenty groups of machinery. The lower floors of the
engine-rooms are of concrete rendered with cement mortar, and
the upper or working floors are of jarrah timber resting on
steel joints. The floors of the boller-rooms are of concrete.

Bfficiency of the iMachinery -~ The tests provided for by the
contract were three, namely, (a) for the duty of the whole
machinery under present conditions, that is, head low owing to
clean pipes and new boilers worked to full pressure; (b) for
the duty of the engines and pumps with steam at full pressure
but the pipes throttled to obtain ultimate estimated head; and
(¢} for the capacity of the pumps with the pipes throttled and
the boilers worked at 25 lbs. per square inch below present
full pressure.
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V - THE PUMPING AND SERVICE RESERVOIRS, RETICULATION, ETC.

The reservolrs provided are intended for three Jdifferent uses,
namely, to act as receiving and suction tanks, to regulate flow
in the main, and for service purposes. There are seven suction
tanks, namely, one at each pumping-station except the. first,
the pumps of which draw from the storage-reservoir at
Mundaring. ©Of the seven, all but one are concrete-lined tanks,
the exception is the large 10-million gallon reservoir at mile
77, which was built some years previously for railway purposes
and was taken over, as it is large enough to furnish a
substantial reserve in case of accidents to the main or other
worXs in the preceding portion of the scheme. The regulating
tanks, two in number, are also concrete-lined and are much the
same in design as, although smaller than, the receiving and
suctioen tanks. That at Baker's Hill, regulates the flow at
what is the highest point on the long and irregular section
between pumping stations 2 and 3; and the tank at West Northam
not only reduces the extreme possible pressure on the pipes in
the Avon valley by 100 feet, but also permits of regulation of
the flow in such manner as to Xeep the pressures at a minimum
in regular working. The service-reservoirs are three in
number, namely, one of 1 million gallons at Coolgardie, one of
2 million gallons at Kalgoorlie, and the large one at Bulla
Bulling. The two smaller reservoirs are concrete-lined, and
otherwlse much the same as the receiving and suction tanks
above mentioned, being also provided with by-passes so that in
case of accident or necessary cleaning the working of the
scheme need not be interrupted.

The main distributing-reservoir at Bulla Bulling which has a
capacity of 12 million gallons, with an available depth of 20
feet, is rectangular in shape. two of the sides having slopes
of 1 to 1 for the full depth of the reservoir, while the other
two sides are vertical for a water depth of 8 feet from the top
and then slope to the bottom of the reservoir. The vertical
portion or wall rests on a bench 6 feet wide, from the inner
edge of which the sloping lining is carried down to the bottom
of the reservoir. The material of the reservoir-basin consists
of indurated clay., ironstone conglomerate, and bands of
limestone, the whole being badly fissured and pervious to
water, and liable to disintegration and to slides due to greasy
backs. The Author's experience of concrete-lined reservoirs
on the West Australian goldfields had been such as to show
conclusively that concrete lining. even 2 feet thick, would
crack when exposed to the sun:; and, moreover, the cost of thick
lining in a reservoir of this size would have been eXxcessive.
It was therefore determined to limit the thickness of lining to
12 inches and to provide joints in the concrete to take the
inevitable movements due to expansion and contraction.
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The floor of the reservoir, 12 inches thick, was put down in
two layers, the first or bottom layer being 8 inches, and the
top layer 4 inches thick. In the centre of the bottom layer, a
grillage of barbed wire, spaced 12 inches apart, was put in,
for the purpose of adding tenacity to the concrete, and thus
giving it greater power to resist cracking under contraction.
The upper surface of the bottom portion of the floor was
purposely left smooth, so as to allow the upper layer to slide
thereon. By this arrangement, the top portion acts as a false
floor, and any temperature cracks are not so liable to continue
into and through the bottom portion as would be the case with
the floor built in one layer. At the junection of floor and
sides a bituminous joint, 6 inches deep by 1/2 inch wide, is
provided. The sides and walls are also reinforced with barbed
wires running horizontally and placed 9 inches apart. The
sides and walls were built in sections with a bituminous joint
between each pair. This arrangement effectually confined the
results of contraction to the joints themselves, nearly every
joint opéening more or less at the faces, while the remainder of
the lining remained intact. Soon after first f£illing, the
reserveir., much of which was built in intense summer heat, was
found to be leaking at the rate of 1 1/4 inch in vertical depth
per diem; but instead of being spread in irregular cracks all
over the reservoir, the leaks were confined to the lines on
Wwhich the above-mentioned joints occurred: they were easily
located, and were effectually stopped by cutting out portions
of the joints to a depth of 2 or 3 inches, caulking with ocakum,
and facing with bitumen and tar.

Reticulation — The original scheme did not allow for any
reticulation of townships for domestic purposes, or of mining
centres, it being only intended to bring the water to some high
hill - for instance, Mount Burgess a few miles north of
Coolgardie - and to lay & subsidiary main thence to such
situation in each township or mining centre as the leocal
authority should choose for its service reservoir. Eventually,
however, the complete reticulation of the townships of
Kalgoorlie, Coolgardie, Boulder, and the Kalgoorlie Mining
Belt, had to be undertaken as part of the main scheme, in
addition to the laying of small pipes to mining centres near
Coolgardie and Kalgoorlie; but one or two of the smaller
townships. namely, Northam and Southern Cross, have installed
their own reticulation, purchasing water in bulk from the main
scheme, and retailing it to the ratepayers.

A separate telephone-line for the works was laid down between
the head office at Perth and Kalgoorlie. It is of ordinary
type, with one repeating station about half way. and was
extremely useful during construction. Connection is thus
secured between the head office and the pumping stations, and,
by means of field telephones, with the maintenance gangers.
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VI - COST OF THE WORKS

The actual cost, including all extras, contingencies, and
establishment charges, was £2,660,000, an excess of £22%,000,
or 9 1/4 per cent., on the original estimate, after deducting
from the latter £65,000 for works which were allowed for
therein but were not carried out. This can hardly be
considered a large excess when 1t 1s remembeted that the
criginal estimate was based on tentative data prior to survey;
bui as a matter of fact almost the whole of the excess is
accounted for by one item alone, namely, pumping-plant, partly
due to somewhat more water having to be pumped, partly to the
provision of more reserve power for accidents, and largely to
enhanced cost per horse-power. Low-duty engines were
originally allowed for at an estimated cost of £22 per
horse--power, while the actual cost ¢f the plant installed was
nearly £48 per horse-power, including Federal customs duty,
spares, etc. BSo long as the consumption of water remains much
below the ultimate amount allowed for, and so long as cheap
local fuel remains available, the high-duty will not prove as
economical as the low-duty and cheaper plant would have been;
but the conditions will be different when the full consumption
is reached, and utilization of the more costly fuel becomes
necessary.

The total expenditure of £2,660,000 was sub-divided as follows:-

Storage-reservoir. including % miles of railway-line,
land- compensation and river-training works
{capacity of reservoir being 4.600 million
gallons, the cost is £61 per million gallons £
of storagel). . . . .+ + 4 0 i e e e v e e e e e 280,000

Service and break pressure reservoirs of a total
capacity of 16 million gallons
(£3 374 per 1,000 gallons) . . . . . . + + . . . 60,000

Conduit 352 miles long., including all valves and
specials (£5,312 per mile) . . . . . . . . . . . 1.870,000

Pumping machinery, inc¢luding erection, freight,
Federal customs duty and spares {nearly
£48 per hoOrse-pPOWEr) . . . . .+ « « + 4 e .. s 296,000

Pumping stations, exclusive of machinery but
including the buildings, employees' quarters,

suction-tanks, reilway-sidings, coal-staithes

and stores (£23 per horse-power) . . . . . . . . 140,000
Telephone-1line and other contingencies . . . . . . .~ 20,000
£2,660,000
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on the death of Mr. O'Connor, in March, 1902, the Author
succeeded him as Chief Engineer, when about one-half of the
works had been constructed. The progress was largely governed
by the necessity for testing the long lengths of main between
the various pumping-stations as soon as possible, and also by
the rate at which the valves and specials could be obtained
from England.

In conclusion the Author wishes to express his obligation to
Mr. William Coateg Reynoldson for much assistance rendered.
Mr. Reynoldson was the Author's principal assistant on the
scheme, and is now in charge of the works as Engineer to the
Trust which was constituted by an Act of the West Australian
Parliament for maintenance and management of the works.
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CONSTRUCTION OF THE KEIR

The weir site looking upstream, fowards the concrete diversion dam

The timber diversion flume



fland excavation on the right bank

Excavation was taken down to a depth of 90 feet below the river bed



Poundation excavation



A travelling steam crane was used to handle the concreting skips. The
cement slaking shed is on the right abutment
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The receiving and slaking shed For the cehment



Caonstruction at an advanced stage

Upstream Face and valve rtower



The completed weir



Foundations of Pump Station No. 1

Pump Station No. 1



Pump Station No. l: Six cylinder triple expansion pumping engines
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General arrangement: Three pump-set statlion
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First £illing of a typical receliving and suction-tank
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PIPE MANUPACTURE

Completed locking-bar pipes at the Perth Works

Locking-bar pipe works



A route for the pilpeline was deliberately chosen close to the
goldfields railway

The pipe trains had to be unloaded gquickly to avoid holding up other
rall traffic on the single line



THE PIPE LINE

Trench excavation in forested country

There wera numarous guiley crossings
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Setting up a jJoint ring for lead poiring

Running a joint with the lead melter
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Pipe laying

Pipe laying



and the pipes were surrounded by an insulation of saw dust, kept
in place by galvanised corrugated iron



B SURFACE

EXCAVATION IN LOOSE GROUND
VHERE CROWN OF PIPE |S LESS THANR

V. 10" BELOW ORQUND-SURFACE

EXCAVATION IN LODOSE GROUND
WHERE CROWNK OF PIPE IS MORE
THAN I' 10" BELOW GROUND-SURFACE

25 O
£°'ON NEMENT
Scate | Incw = 4 Feer

FOOoT ! \ a

al 1 " N L

ol N
T e

-

Fin

10 FEET
A

L i L

Pipe 1In cutting and 1n embankment



STOP-VALVE
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Reservoir construction

Reservolr construction



NOTE ~- BARBED WIRE [N CONCRETE
IN SUMP SPACED 127~ 127

w
4 8
]
o
= " "0
e
KX _; 'o"
S| -8
F| 9 »
b
H
Frl-48=-o
4w oer s
AN
ri’ I‘I‘:
=M
i
HHUP
=]
w
o
o
-
1]

R R oL ]
Jl_Ld_.A .I.JI-J-JJ‘.I.
PR S R B

wmlepamed b g

SJOINT
-

BOTTOM OF SLOPE)

——————

BARBED WIRES
SPACED I2'x 12"
8OUNDED BY
SITUMINGUS JOINT

BITUMINDUS

BOTTOM OF SLOPE

JOINT 6" 52"

BARBED WIRES SPACED 3  APART MORIZOMTALLY UP SLOPE

N

TOP OF SLOPE

BARGED WIRES SPACED 12°x 9"

A b T
ph-p Ak ey
vl WL SRS 4

TGP OF WALL

WIET N!D

PLARN

Scae
10

el 1

[ lnew = 20 Feer
20

FCET HD
L.

L 183000

[P,

PRSP ¥ ]
A

SOUTH & EAST SIDES

Scace | lnew =10 Feer

BARBED WIRES 3 APART

Bulla Bulling Reservoir:

A

3
5
]
s
F
F
&
K

¥

sk
0 WIRES 12" APART
i e I

o

"

=}

Method of construction



Maln Street in a typical Goldfields Town

The water arrived at Cunderdin in April 1902



Opening day at Ht Charlotte Reservolr, Kalgoorlie on Saturday 24 January 1903
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WESTERN AUSTRALIA

COOLGARDIE GOLDFIELDS

REPORT

ON

PROPOSED WATER SUPPLY

{BY PUMPING)

FROM RESERVOIRS IN THE

GREENMOUNT RANGES,

BY
C.Y. O'CONNOR., M. INST. C.E.,

Engineer-in-Chiet.

Presented to both Houses of Parliament by His Excellency’'s
Command.



The

Sir,

1.

COOLGARDIE GOLDFIELDS

PROPOSED WATER SUPPLY (BY PUMPING) FROM RESERVOIRS IN THE
GREENMOUNT RANGES

Engineer-in-Chief's Office,
PERTH, W.A.
17th July, 1896,

Hon. the Director of Public¢ Works: -

As regards the proposal to supply five million gallons of
water to the Coolgardie Goldfields by pumping from a
reservoir, or reservoirs, to be constructed in the
Greenmount Ranges, concerning which you have desired me to
send you a report, I would ask, in the first place, to be
permitted to say (as there appears to be a tendency to
misconception on the subject) that this proposal should not
be regarded as an undertaking which I am urging upon the
Government for adoption, as it would manifestly be quite
improper for me, as a servant of the Government, to urge
upen the Government, or upon the public, any new
undertaking, unless it were the case that such undertaking
were necessary for the maintenance of some work already in
existence or provided for, and for which I am responsible -
which cannot be held to be the case in this instance.

I need scarcely say, therefore, that I never urged, nor do
I now propose to urge upon the Government or the country,
the undertaking of this work. but, while it would evidently
be quite improper for me to do that, it is equally evident
that if I am called upon by the Government to give an
opinion, as to the best way of attaining a certain object.
it is clearly my duty to give such opinion to the best of
my ability.

When the proposal to supply five million gallons of water,
by pumping from reservoirs in the Greenmount Ranges, is
referred to, as it frequently has been referred to, as
being my proposal, it can therefore only be properly held
to be so, in so far as being, in my opinion, the best means
of attaining the object in view., and not in any way as
being a fancy project of mine (as some persons have
described it), which I am desirous of thrusting upon the
Government and the country.



PROSPECTS OF RESERVOIRS IN THE GREENMOUNT RANGES AS COMPARED
WITH RESERVOIRS IN THE COOLGARDIE DISTRICT

4, Such being, as I understand it, the state of the case in
this instance, viz., that I am called upon to give an
opinion as to the best way of attaining a large and
permanent supply of water for the Coolgardie Goldfields, 1
have no hesitation whatever in saying that such supply can
be attained in the cheapest and most certain manner by
pumping from resgerveirs to be constructed in the Greenmount
Ranges.

5. A few of the many reasons which have led me to this
conclusion, are as follows: -

{a) The rainfall, as recorded in Perth, during the last 10
years, shows maximum 40.73 in. (in 1890), minimum
23.72 in. {(in 1894), and average 33.63 in. per annum,

(b} As compared with this, the rainfall in the Cooclgardie
District, during the year 189% (which is the only
complete year ¢of which we have record, and which is
believed to have been an exceptionally wet year), was
only 6.79 in.. and it cannot, I think, therefore,
safely be assumed that the average rainfall there
would exceed, say. about 5 in. per annum. In
confirmation of this, too, we have the fact that the
average annual rainfall at Southern Cross during the
last two years has been only 5.26 in.

{c} The evaporation, as recorded at Perth during the last
10 years, has averaged 54.32 ins. per annum.

(d) As to what has been the average annual evaporation at
Coolgardie, for a series of years, we have no records
to show, but it must manifestly be very much greater
than at Perth, as the maximum temperature in the sun
is much greater, and the number o¢f wet and damp davs
to the vear much fewer.

(e} Although we have no actual records of rainfall and
evaporation at the site of the proposed reservoirs in
the Government (sic) Ranges, it can safely be assumed
that the rainfall will probably be more, and the
evaporation less, than at Perth, as such is usually
found to be the case on the sides of ranges facing the
sea, as compared with the adjoining flats.

(f) The character of the country in the Greenmount ranges
is much more favourable, both as to gathering areas,
and ground capable of holding water, and construction
of weirs, than any place which we know of in the
vicinity of Coolgardie.



(g)

(h)

(1)

(1)

some of the gathering areas in the Greenmount Ranges
are, in fact, exceptionally favourable, the
inclination of the stream beds being so gentle that a
weir of moderate height would back the water for
several miles: while, at the same time, the sides of
the hills, forming the gathering grounds, are so
steep. as to give promise of a large percentage of the
water which falls upon them reaching the reservoirs.
There are also sites at which weirs can be constructed
on bed rock throughout.

As compared with this., there are no known sites for
reservoirs in the Coolgardie district having anvthing
like the advantages of the sites in the Greenmount
Ranges, either as regards gathering capacity., or
holding capacity, or facility for construction of
weirs: and the sites known of are, in fact, few and
small, and generally unsatisfactory.

Thus, for instance, from our experience in the
construction of reservoirs on the goldfields up to
date, although we have selected the very best sgites
which were available: and although the reserveirs, in
most cases, have only a capacity of about one million
gallons, there are many of them which have never been
filled, and some of them into which hardly any water
has come at all: and some of them leak very badly (in
consequence of the kaolin formation, which generally
prevails in the district, having fissures in it,
through which the water escapes): and they have,
moreover, been very costly, by reason of their being
on the goldfields, as well as by reason of the cost of
getting plant and materials to them.

In this connection, it is also desirable to point out
that, as compared with a million gallons or so, which
has been about the average capacity of the reservoirs
so Far constructed in the Coolgardie District, the
capacity of the reservoir or reservoirs required to
supply five million gallons of water per diem, even if
constructed at Greenmount, should be at the least
2,000 million gallons (in order to be equivalent to
one year's supply): while, if constructed in the
vicinity of Coolgardie, the capacity would have (other
things being equal, and in view of the respective
rainfalls, and evaporation, and soakage) to be
probably many times greater than that, and this, I may
say, is a very important aspect of the question, as it
thus becomes evident that the construction of
reservoirs at Coolgardie would not alone be much more
costly, at per million gallons (as already stated}
than reservoirs in the Greenmount Ranges, but also
that they would have to be very much larger, in order
to produce a given result.



{¥) Another important element in the matter is that the
depth of such reservolir or reservolirs as could
conveniently be constructed in the vicinity of
Coolgardie, so far as is at present known, would have
to be very much less than the depth of reservoirs
which could quite conveniently be constructed in many
of the gorges of the Greenmount Ranges, and it is
scarcely necessary to say that the percentage of loss
in a shallow reservoir is very much greater than in a
deep onea.

{1) That is to say. in fact, assuming the evaporation to
be, say, seven feet per annum, the loss in a reservoir
20 feet deep would be 30 per cent., whereas in 2
reservoir 70 feet deep it would be only 10 per cent.

{m) To sum up, therefore, as regards the question of the
most favourable site for reservoirs (in the event of
reservoirs being adopted 2s the source of supply),
there cannot, I think. be the slightest doubt that the
results from reservoirs in the Greenmount Ranges would
be vastly more satisfactory. in every way, than any
results which could be reasonably expected from
reservoirs in the vicinity of Coolgardie, and, in this
connection, there is one most grave and important
consideration, which should never be lost sight of,
viz., that whereas a continuous suppply of large
magnitude from reservoirs in the Greenmount Ranges can
be looked upon as a matter of absolute certainty, for
an easily ascertainable cost, the results to be
anticipated from reservoirs in the vicinity of
Coolgardie, and the cost of such reservoirs, would be
absolutely impossible of ascertainment from any data
which we have got now, or could hope to get within any
reasonable time. I would submit, therefore, that the
undertaking, at the present time, of the construction
of reservoirs in the Coolgardie District, to supply
anything approaching the guantity of water herein in
question, could not be regarded as otherwise than a
wild leap in the dark.

POSSIBLE SOURCES OF SUPPLY OTHER THAN RESERVOIRS

Artesian Springs

Coming now to the guestion of various possible means of
supplyvying water for the requirements of the Coolgardie
Goldfields, which have been suggested, other than by
surface reservoirs, there is the much-talked ¢f possibility
of attaining artesian water: concerning which, however,
everyone who has studied it, and who can be looked upon as
in any way an authority on the subject, has given his
opinion that it is in the very last degree improbable. I
think,., therefore, that as regards artesian water,., in the
ordinary acceptation of the term - that is to say, water
under high pressure, which will cause it to rise to the
surface, or above the surface (and which, consequently, has
come from mountain ranges of considerable height and not
too far distant) can safely be left out of the guestion.
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Before leaving this phase ¢f the gquestion, I would wish to
say., that while it has many times and by many people been
broadly asserted that geologists have been more often wrong
than right in their predictions as to the probability, or
otherwise, of obtalning artesian water, and that,
especially in the case of the copious and famous artesian
supply in Queensland, they predicted distinctly against the
probability of it, 1 have never, myself, been able to find
any important case which bears out these assertions: and,
as regards the case of the Queensland artesian basin
especially, I am altogether disinclined to believe the
assertion, as it seems to me, from geclogical sections
which I have scen of the country there, that they point in
a most distinct manner to the very great probability of
artesian water being found, and also to the probability of
its being found under high pressure. I cannot, therefore,
believe that even any ordinary layman, having the most
rudimentary knowledge of the conditions which govern an
artesian supply, could have had any doubt as to artesian
water being likely to be found under such conditions as the
geological surveys show to exist in the Queensland artesian
area, and, if this would apply to a layman, it would apply
still more so to a geologist.

Taking, again, one more instance, viz., the case of the
artesian water which has been struck in the vicinity of
Guildford., I would wish to take this opportunity of
mentioning a fact, which I do not believe is very generally
known, as regards that supply. namely, that the undertaking
of the bore there by the Government was chiefly due to the
light thrown upon the conditions existing there by

Mr. Woodward, the Government Geclogist of Western
Rustralia, in the year 1891, and to his distinct opinion
that artesian water, under considerable pressure, was
present there. In this case, too, the geclogical
conditions, upon which Mr. Woodward based his opinion, were
distinctly less obviously favourable than those which
prevail in the artesian district of Queensland.

UNDERGROUND Stores of Water, not under Pressure

While believing that artesian water, in the true sense of
the term, will never be obtained in the Coolgardie
District, there are, however, several experts who believe
that underground stores of water will be found there: most
of them probably salt, but some of them possibly fresh, or,
at any rate, drinkable - but which will not probably rise
to any considerable height, if at all, above the level at
which they are struck.

In relation to these possible underground stores of water,
however, we have to face the facts:-

(a) That they will only probably be found {in large
quantities) at very great depths.
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(b} That in order to utilise them, they would have to be
punped from these very great depths. :

{¢) That, if they are salt, they would have to be
condensed before being of any use for human or animal
consumption.

Taking, first, in reference to item (a) above, the question
of the bores necessary to reach such waters at great depth,
it is not, 1 think, generally realised what a length of
time 1t takes to put down such bores: and 1 therefore
enclose herewith (vide Appendix A) an extract from a
newspaper showing the time which it took to put down a bore
of this description in Queensland (which, by the way, never
reached water at all), the rate of progress being stated to
have been unusually rapid: while the time taken to bore
3,000 feet is stated to have been two years.

It is evident, therefore, that even the first preliminary
part of the business, viz., the finding of the water at
depths of 3,000 feet or thereabouts, would take a long
time, especially if several places had to be tried before
such water was struck.

Then again, as regards item (b), it is scarcely necessary
to say, that any pumping which could be done from a depth
of anything like 3,000 feet, through an ordinary borehole
(if practicable at all) would be the merest trickle.

If, however, it is suggested that having found water, we
should then put down a large shaft, through which te do the
pumping., this shaft would take probably several years to
complete.

Besides this, too, if one is to seriously contemplate the
undertaking of pumping from the bottom of a shafit 3,000
feet deep, it should be borne in mind that the total head
to be overcome, between a reservoir on the Greenmount
Ranges and the top of Mount Burges (including friction
head) on the basis of the pumping scheme at present under
consideration is only 2,508% feet: and I have no doubt
whatever, in my own mind, that the cost of pumping five
million gallons daily. against this 2,505 feet, in the
open, would be much less than pumping a similar quantity
from the bottom of a shaft 3,000 feet deep.

Besides this. too, the amount which such shaft might cost
would be utterly impossible to estimate, from any data
which we have got at present, but it would, most assuredly.
bhe very large indeed.

Over and above all this, also, there is the still more
serious consideration that it would be utterly impossible
to ascertain as to what guantity of water there might be in
such underground reservoir, and consequently as to how long
it would last, and, it might consequently be found, after
an enormous expense had been gone to, that it would run dry
in a few weeks or months.
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Such, in fact, has been our experience in a great number of
cases where we have found underground reservoirs of water,
at depths of from 100 to 200 feet, and from which we have
pumped steadily as much as from 2,000 to 3,000 gallons a
day, for as long as a year or two, but which eventually
suddenly gave out (their existence having probably been due
to long ages of accumulation), and have never since
returned to the condition in which we found them, and some
of them have, in fact, remained apparently gquite dry.

To adventure hundreds of thousands of pounds, with the
possibility of such a result as that, would, I think, be
altogether unwarrantable.’

Coming now to Item {(c) above, it is scarcely necessary to
say that if the cost of supplying water from very deep
bores, or shafts, of this description, would probably
compare unfavourably (as I believe it would) with the cost
of supplying water from reservoirs in the Greenmount
Ranges, the compariscon would be still more unfavourable, to
the bores and shafts alternative, if the water obtained
therefrom were salt: as it can safely be stated that the
cost of condensing such salt water (and it is very salt
indeed) as prevails in the Coolgardie District, would never
be less than from 6 to 12 per thousand gallons, whereas
water could be delivered from the Greenmount Ranges at from
fs. to &s. per thousand gallons.

With further reference to the idea of procuring a
sufficient water supply for the Coolgardie Goldfields by
the aid of bores and shafts, I should mention that the mere
raising of water in this way to the surface would be only
one item in the cost: the lifting of it to a further
height. in order that it might be carried by gravitation
over a radius of 50 miles or so, or (in the absence of any
such convénient height in the vicinity) the pumping of it
directly to the surrounding places, being another very
considerable item in the cost.

ERESENT PROPOSAL

How it was arrived at.

Having thus discoursed upon the various alternative schemes
for supplying a large quantity of water to the Coolgardie
Goldfield, I now come to the proposal immediately under
congsideration, viz., the pumping scheme from reservoirs in
the Greenmount Ranges.

As regards this scheme, 1 should first mention that, at the
primary stages of its inception, there were a number of
calculations gone into (and published) with the view of
ascertaining the probable cost of three several quantities
per diem, viz., one million gallons, five million gallons,
and ten million gallons, respectively.
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The result of these calculations went to show (as for steel
pipes) that, for one million gallons daily, the cost would
be from, say €£700,000 to £1,000,000 {(depending upon the
gize of the pipe)., and with cost of delivery varying from
5s. 6d. to 8s, 6d. per 1,000 gallons: while, for five
million gallons daily, the cost varied from, say £2,200,000
to £2,700,000 (depending similarly upon the size of the
pipe) with cost of delivery varying from 3s. 54. to 6s. 7d.
per 1,000 gallons: and that, for ten million gallons daily,
the cost varied from, say., £3,500,000 to £4,600,000
(depending similarly on the size of the pipe), with cost of
delivery varying from 3s. to 5s. per 1,000 gallons.

From these figures it was apparent that the cost of
delivery per 1l.000 gallons was not altogether dependent
upon the total capital cost, but was also dependent upon
the cost of pumping, which usually varied in an inverse
ratio to the size of the pipe, and consequently to the
total capital cost.

These published figures, however, related only to the cost
of constructing and working a water supply to the top of
Mount Burges, and contained no provision for distributing
mains therefrom, which latter are included in the proposal
now in guestion.

In addition to the calculations which were printed and
published as above-mentioned, there were also a large
number of further calculations gone into, the object being
to ascertain with certainty as to what size of pipe, and
consequent power of pumping engines, would give the
cheapest result, in view of the relative capital cost and
interest thereon, etc¢., and the outcome of all these
calculations is the table hereto attached (Appendix B),
wherein the proposal is to construct works and machinery
capable of supplying five million gallons daily, together
with 100 miles of distributing mains from Mount Burges, at
a total estimated cost of £2,500,000, the working expenses
(including sinking fund and maintenance, etc.) being
estimated at £320.000 per annum, and the probable cost of
delivering the water, as deduced therefrom, being 3s. 4d.
per 1,000 gallons. In this connection it should be
mentioned that the price of steel has gone up very
considerably since the original estimates were made, and
the estimates herewith have been based on the present
price, which will not probably be much, if at all,
increased within the next few years, as it is considerably
higher than it has been for the last few years. The
thickness of pipes provided for has alsoc been increased
since the original estimates were made, as it was thought
possible that the original thickness might not be concurred
in by English Engineers, although it was believed to be
quite sufficient, and was also gquite in accordance with the
practice in Bmerica, where such pipes have been a
speciality for many years past.
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Why the Proposal is for 5,000,000 gallons per diem.

I now come to a very important phase of the question,
namely, as to why the proposal is for 5,000.000 gallons
daily, rather than for any lesser or larger gquantity: and
while adhering to what I have said in the beginning of this
memorandum, to the effect that it is not for me to urge
upon the Government the desirability of launching out in
any new undertaking, and that I have no wish to do so, it
is only right that I should say that, as regards the scope
of the undertaking (presuming that it is to be undertaken
at all), I have distinctly advised the Government for
technical and other reasons that it is desirable, if any
pumping scheme for supplying water to Coolgardie from the
Greenmount Ranges is undertaken, that it should be for not
less than 5,000,000 gallons.

Taking the "other reasons" first. these, amongst others,
are to the effect:-

(a) That whereas a supply of one million gallons daily,
including distribution mains, would coest about
£1,000,000. a supply of five million gallons daily,
also including distributing mains, would only cost
£2,500.000: that is to say, that while the quantity
would be five times as great. the cost would be only
two and a half times as great: and, moreover, in
consequence of the proportionately greater cost of
pumping through a smaller main, the rate for which
water could be delivered would be considerably greater
for the smaller scheme than for the larger one, viz.,
as much as $s. 64. per thousand gallons for the one
million gallons per diem scheme, as compared with 3s.
6éd. per thousand gallons for the five million gallons
per diem scheme.

(b} 1In further pursuance of the "other reasons" basis,
there was the fact that it seemed to me that it would
be rather ridiculous to avowedly undertake a scheme
for the supply of water to Coolgardie, if it were
probable that the water would be all used, for various
purposes, before it got to Coolgardie at all: and I
think that that would be so, or very nearly so, if
only one million gallons per diem were provided for.

{c) Furthermore, on the same basis, it seemed doubtful if
the pipe-laying, etc., the whole way to Coolgardie,
would be justifiable, if there were no water to go
through it beyond Southern Cross or thereabouts.
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Coming now to the "“technical reasons", they are briefly to
the effect that if a one million gallons per diem scheme
had to be augmented, as I believe it would have to be in a
very short time, the number and situation of the pumping
stations would be so very different from what would be
required for a five million gallons per diem scheme (which
might have to follow), that it would possibly involve there
being as many as twenty or more pumping stations for the
two schemes, whereas eight or ten would probably be
sufficient for the five million gallons per diem scheme,
and the same number and situation would suit for any
duplication or triplication thereof which might become
necessary in the future,

For further details on this subject, vide Appendix C
hereunder.

As to the proposed Scheme being practicable

As regards the practicability of this scheme, there cannot.
I think, be any reasonable doubt, as it has already been
declared to be guite practicable by many competent
engineers, even while some of them deprecated it from other
points of view.

To say, in fact, that it is not practicable, must surely
involve a misconception of the question, as there are few
people who do not know of an equal quantity of water having
been jumped through a lesser height, and for a shorter
length, than as provided for in this scheme, and, when it
is realised that this scheme. although probably of larger
magnitude than others which are within the knowledge of
most people, is simply a repetition, several times over, of
schemes which are within the knowledge of most people, it
ig difficult to realise how anyone can consider it to be
impracticable.

Thus, for instance, if it were proposed to pump. say,
5,000,000 galions daily, to a height of, say, 300 feet, 1
cannot imagine that anyone would consider that to be
impracticable: and, if it is not impracticable to do that
once, it cannot surely be impracticable to do it eight
times in succession.

As to what 1s practicable again, it may not be out of place
to instance a fact which is known to many people in this
Colony, namely, that the dredge "Premier" has frequently
filled her hoppers with 600 tong of sand in 20 minutes:
and, as it has been found by experience, that the gquantity
of sand which can thus be pumped, is about 1-5th of the
accompanying water, it follows from this that the pumps
must be capable of lifting at least 3,000 tons of water in
20 minutes, which is equivalent to 9,000 tons of water in
an hour, or 216,000 tons of water in 24 hours, and, as a
ton of water is equal to 224 gallons, this would mean
48,000,000 gallons (or, say, in round figures 50,000,000
gallons) in 24 hours.
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The height to which the water is raised by this pump is
only akout 10 feet, but, on the other hand, 0,000,000
gallons of water is 10 times as much as 5,000,000 gallons
of water, and consequently the same power would 1lift
5,000,000 gallons of water per diem through a height of 100
feet: and, in this case, there is only one pump, whereas it
is proposed to have several pumps at each of the 8 or 10
pumping stations, so that there can manifestly be no
practical difficulty {(by the aid of several pumps at each
of the pumping stations) in raising 5,000,000 gallons per
diem, through the height of 300 feet or so, which will
intervene between each pumping station and the next one.

As to the probable capital cost

As regards the estimated capital cost, I believe that the
Wworks can be carried out for the amount stated.

As regards the pumping engines, which constitute an
important item in the Estimate, the amount set down for
them is based upon information specially obtained from
England for the purpose. ({(Vide Appendix D hereunder).

As regards a still more important item, namely, the pipes
(weighing about 90,000 tons) the estimate is supported by
prices at which manufacturers have offered to deliver the
piping required.

As regards the cost of the reservoirs, which is another
very important item in the estimate, there is ample
evidence that they can be constructed for the amount set
down. (Vide, inter alia, Mr. Hodgson's memorandum to me,
dated 15th instant., hereunder. Appendix E).

As regards the other items in the estimate, which are for
works of an ordinary and everyday character, there is no
reason to doubt that the ordimnary prices, at which they
have been valued. will be found to be sufficient.

As to the probable Working Expenses

As regards the estimated working expenses per annum, which
include interest and sinkXing fund, as well as maintenance,
and cost of pumping. and general administration.

(a)} The amount set down for annuval interest and sinXing
fund is sufficient to pay interest on capital, and
also to pay off the gaid capital in a period of about
20 years.

(b) The amount set down for maintenance is sufficient to
keep the whole of the works and machinery in good
going order.
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(¢} As regards the probable cost of pumping, this has been
deduced from various well recognised authorities on
the subject, notably, amongst others, "Unwin on the
Development and Transmission of Power", with due
allowance, of course, for the local price of coal, and
labour, etc.

(A} As regards the general administration, it simply means
(in view of there being ample provision for
maintenance) the collection of the revenue, and the
keeping of the accounts, and it is believed that 5 per
cenit. on the revenue should be ample for that purpose.

As to the Price at which the water can be delivered

The e¢stimated price at which the water can be delivered,
viz., 3s. 6d. per thousand gallons, is simply an
arithmetical resultant from the total estimated working
expenses per annum, on the basis that five million gallons
(on the average) will be sold daily, during 365 day in each
year: but, as regards the "on the average" element in the
matter, it is only right to say that this result would not
accrue if the five million gallons per diem failed to be
s0l1d for several days running, as the estimate only
provides for a storage reservelr at Mount Burges capable of
holding two or three days' supply.

It is., however, proposed to keep all the reservoirs along
the pipe line continuously full, by aid of the pumping
main: and this would, to some extent, restore the balance,
if the gquantity available failed to be scold for more than
two or three days at a stretch: as the working railways,
for instance, could then use the water cut of the
reservoirs along the line, instead of taking it from the
pumping main.

Benefit to Working Railways

As regards the working railways element in the matter, it
is shown, in Appendix C hereinbefore referred to, that the
requirements would be about 200,000 gallons per diem, for
eight months in the year. and that the saving which would
be attained by obtaining this supply by the pumping scheme,
instead of, as is done at present, by hauling it in running
tanks, would be about £30,000 per annum.
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Water can be delivered in the Coolgardie District by this
Scheme cheaper than by any other method that we know of

Coming now to the question as to how the cost of water
delivered by this pumping scheme to the Coolgardie District
would compare with the cost of water delivered by any other
method, I find, as 1s shown in Appendix F hereunder, that
the cheapest of all the water supplies hitherto existing in
the Coolgardie District, viz., the supply from reservoirs
constructed by the Government, cost the country (exclusive
of the cost of maintenance of the reservoirs themselves),
concerning which I have at the moment no actual data) at
least B8s, 6d. per thousand gallons: and, if the maintenance
of the reservoirs were taken into consideration, it would,
I have no doubt, bring the cost up to fully 10s. per
thousand galloens.

1t is manifest, therefore, that the pumping scheme would
attain a very large reduction on even the cheapest rate at
which water has hitherto been obtainable (and there was,
really, in all, a very insignificant supply obtained at
that rate), and, that being so, it is needless to say that
the pumped water would be éenormously cheaper than water
obtained from any of the other sources of supply of which
we have any present knowledge.

As compared with condensed water., in fact, as already
alluded to, the cost of this pumped water would be only
about half as many shillings per 1,000 gallons as the
condensed water costs in pounds per 1,000 gallons. and
often even less than that.

Looking at the matter from the point of view as affecting
the whole of the community on the Coolgardie goldfields in
the future, the difference in the cost at which they could
obtain the gquantity of water absolutely necessary for human
consumption, by this pumping proposal, as compared with the
cost at which they obtain it now, is simply marvellous, the
figures being about as follows:-

That is to say. I have seen it stated recently that there
are as many as 40,000 people in the Coolgardie District,
and although I scarcely think that that can be so¢, it is
quite probable that that number of people may be
congregatéed there by the end of the three years which this
pumping scheme would take to complete,

If we assume that each of these 40,000 people has to pay
even as little as 6d. a day for water, which would be only
allowing them from two to three gallons per diem, as
prevails under existing conditions, this would amount, for
the 365 days in the year, to £9 per annum for each person,
and the total, for 40,000 pexrsons, at that rate, would be
£360,000 per annum, whereas the same quantity of water
could be attained by proposed pumping scheme for less than
£10,000 per annum. It is evident, therefore, that if
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pumping from the Greenmount Ranges is adopted, as compared
with any local source of supply that we know of, there
would be relief to these 40,000 people to the extent of
£350,000 per annum, whereas the whole annual working
expenses of the pumping scheme would be only £320.000 per
annum.

Besides this too, there is the fact that after all these
people had been supplied by the pumping scheme, with the
same guantity of water which they got before, there would
still be about 1,750 million gallons of water per annum
available for other purposes. That is to say, the total
gquantity, equivalent to 5,000,000 gallons per day. for 3865
days in the year, being about 1,800 million gallons per
annum, and the gquantity which would be consumed by 40,000
people, under the existing conditions,viz., at the rate of,
say. 3 gallons per head per diem, being less than 50
million gallons per annum, there would, as before stated.
be 1,750 million gallons per annum, out of the total of
1,800 million gallons of water if sold, as it is assumed
that it will be, for mining and other purposes, at the rate
of 3s, 6d. per thousand gallons, the relief to the 40,000
people above mentioned to the enormous extent of £350,000
per annum, would be attained without any cost to the
country whatever.

Time which the work will take to complete

There is, I think, only one more point which I need touch
upon, viz., as to the estimate that the work can be
completed in three years, concerning which I have to state
as follows: -

{a) We have been assured by steel pipe manufacturers that
the whole of the pipes required could be made in two
years.

(b If the delivery of these pipes were commenced, within
even six months of the date of the work being
authorised. and completed in 30 months from same, they
could, I have no doubt, be all laid within the three
years.

(¢) If, again, the excavation of the pipe trench were
started almost immediately after the work was
authorised (as it could be) there is no reason, that I
know of, why it could not be kept well ahead of the
pipe-laying, and conseguently also completed within
the three years.

(d) As regards the pumping engines and sheds for same,
there igs no reason at all, that I know of. why they
could not be procured and erected and constructed,
respectively, within three years.
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(e) As regards the reservoir, or reservoirs, they would,
no doubt, have to be designed with great promptitude,
and put in hand as soon as possible, in order to be
completed within three years, but there is no reason
that I know of why they should not be completed within
that time.

Advantage of traversing three or four hundred mileg of
dry country

In addition to the wvarious reasons, set forth above, as to
why the proposal to pump water from reservoirs in the
Greenmount Ranges is preferable to any other means of
supplying water to the Coolgardie Goldfields, which we are
at present aware of, there is the very important
consideration that the water supply would thus traverse
three or four hundred miles of, comparatively speaking,
waterless country, comprising the auriferous areas of
Southern Cross, and that it would, therefore, have
numerous, and probably at present altogether unexpected
advantages, over any water supply which wags merely local in
the Coolgardie District.

Further Appendices, not previously mentioned

Attached hereto, in addition to the appendices already
referred to, there will also be found an extract from a
recent report by the Engineer in Charge of Water Supply on
the Goldfields (Mr. Hector}, containing some remarks on the
subject herein referred to {Appendix G)*, and also a
drawing (P.W.D. W.A. 4,053)}* gshowing the route of the
railway along which the pumping main is proposed to be
constructed, and also a profile of the ground along said
route.

Desirability of asking for advice from European Specialists,

56.

as regards location of Pumping Stations, etc.

In conclusion {(and in reference to observations by members
of the Legislature on the subject)., I would wish to mention
that it has always been my intention. in the event of this
punping scheme being adopted. to recommend the Government
to arrange for a consultation of high-class specialists in
England, more particularly as regards the height and
distance which it would be most desirable to adopt between
the several pumping stations., and consequently the location

* Publisher's Note - Appendices not found.



of the said pumping stations, and the consequent number and
power of pumps, which it would be most desirable to adopt for
each such station, and, in evidence of this, I attac¢h hereto a
letter which I addressed to our Consulting Engineer in England,
Mr. Carruthers, dated 3rd March last (Appendix II}*, and also
extracts from his reply thereto (Appendix I)*.

I have the honour to be,

Sir,
Your obedient Servant,
C.Y. O'CONNOR

Engineer-in-Chief.

« publisher's Note -- Appendices not found.



APPENDIX A

Extract from "The Queenslander*, dated april 25,
1896

- - -_ = = - - - - e

THE DIAMOND DRILL ON CHARTERS TOWERS

The bore was commenced in January, 18%4 (says "The Northern
Miner"). and put down to a depth of 2.135 feet, entirely at the
expense of the Golden Gate Gold Mining Company, and, from 2,135
to 3.006 feet. the Government granted a subsidy of 50 per cent.
of cost, and the No. 7 North-East Queen Company contributed 2%
per cent. The cost per foot has been a little more than £1.
The boring operations, under the management of Mr. J. Cole,
have been remarkably successful, an average of about 60 feet a
fortnight being maintained (one shift). This established a
record far ahead of any similar work done in Queensland. and it
is believed to be also a record bore for the world in granite.
Many cores of great length, from over 16 feet, according to the
s0l1id character of strata. have been obtained sometimes without
a flaw or vein of any kind. and as smooth as a gun barrel. It
is not improbhable that this bore may be continued to a still
greater depth at some future time, as the last cores raised
were distinetly favourable and similar in character to the
overlying strata of some of the reef formations. Mr. Cole
believes the machinery is equal (with a little alteration to
the 1ifting gear) to 4,000 fcet. The weight of rods in use to
present depth is about 1% tons. The whole of the work has been
almost entirely free from accidents. Two diamonds (carbons)
about Lwo carats each, were left below, owing to the defective
metal in the bit, at 1,575 feet and 2,855 feet, but on each
occasion Mr. Cole succceded in picking them up in a few hours
by the aid of a tool designed by himself. An opinion seems to
have got abroad that, as far as reefs and formations are
concerned, the bore had been entirely unsuccessful, but the
“synopsis of the strata penetrated" is a reasonable proof that,
though but little guartz has been plerced, yet the formations
undoubtedly exists here at greater depths than has yet been
attained by any of ocur mines.

Concerning the above, the "Gympie Times" says:- From a private
source we learn that it is now suggested on the Towers to have
a bore put down about 2,000 feet, near the junction of the
Queen Cross Reef, the Victoria and Queen, the Victeoria and
Caledonia block, and the Band of Hope. and that the Directors
of the Victoria and Queen, and Queen Cross Companies favour the
idea., and the Directors of the other two Companies intend to
consult the shareholders. We congratulate Mr. Cole on his
great achievement with the bore.

Continued



THE HON. THE DIRECTOR OF PUBLIC WORKS. For your information.

The results achieved in this case, namely 30 feet per week, are
stated to be exceptionally good for boring in hard rock, and,
if that is so, the boring at Coolgardie could not be expected
to go any faster, and it would thus take 100 weeks to bore the
3,000 feet contemplated.

In view of this, it seems to me that the postponing of other
projects for the supply of water to Coolgardie until the result
of boring to a depth of 3,000 feet is known, that is to say,
the postponing of them for at least 2 years from now, would
probably not be practicable, even if it were considered to be
wise, and personally I do not think it would be wise.

You will also, no doubt, notice that although the boring
hereinabove described (regarded as boring work simply) is
considered to be very satisfactory, there is nevertheless the
Fact that they got ho water.

C.Y. O'CONNOR
15/5/96



APPENDIX B

COOLGARDIE. GOLDFIELDS

PROPOSED WATER SUPPLY FROM RESERVOIR ON HELENA RIVER

Estimated cost of supplying 5,000,000 gallons daily by pumping

through steel pipes.

Unit of

Description Measure Amount

BASIS OF ESTIMATE
Length of pipe. storage
reservoir to Coolgardie Miles 330
Velocity of water per second. Feet 2
Diameter of pipe required. Inches 30
Net height which water has
to be pumped. Feet 1,350
Head required to overcome
friction per mile. do. 3.5
Total head required to
overcome friction. do. 1,155
Grand total head which pumps
have tc overcome (including
friction head). do. 2,508
Weight of water which hasg to
be raised per day of 24 hours
(including water for engines,
evaporation on Fields, and
other losses). Tons 23,000
Work required to be done, per
day of 24 hours. 1,000 foot tons 57,615
Horse- power required -
effective. No. of h.p. 2,716
Horse-power required - actual
(being effective horse-power
plus 33 per cent). do. 3,612



Description

Unit of

CAPITAL COST

Fremantle,.

do. Laying and Jointing

etc.)

Reservoirs. ..

trenching, laying, and

averaging, say 12 in.
diameter.

Total capital cost.

6 per cent.

Maintenance.

at 1 1/44. per 1000 foot
tons, say.

cent. on revenue.

Measure Amount
Pumping engines and sheds for Pounds
same, at £55% per horse-power. Stirling 200,000
Main pipes (including valves
&c,) at Fremantle, 9%0,000 tons. do. 1,470,000
Main Pipes. Carriage from do 140, 000
(inclvuding excavation and
£filling in of pipe trench,
do. 220,000
do. 300, 000
Distributing mains (including
jointing, &c.) 100 miles,
do. __170,000
do. 2,500,000
WORKING EXPENSES PER ANNUM
Interest and sinking fund on
total capital cost at, say.
do. 150,000
do. 45,000
Cost of pumping 5,000,000
gallons daily for 365 days
do. 109,000
General administration, § per
do. 16,000
do. 320,000

Total working expenses.

PRICE AT WHICH THE WATER
CAN BE DELIVERED.

Cost per 1,000 gallons, on
assumption that 5,000,000
gallons are sold daily,
during 365 days in each
year.

3s. 6d.




BPPENDIX C

Engincer-in-Chief to the Hon. the Director of Public Works.

COOLGARDIE GOLDFIELDS WATER SUPPLY

Quantity of water per diem which should be provided for: also
quantity required for Yilgarn and Coolgardie Railway.

The Hon. the Director of Public Works

1.

1 send herewith, for your information, Memoranda by Messrs.
James Thompson and R.H. Campbell, showing the probable
annual cost of water required for the Coolgardie Railway.
if provided by travelling tanks, as hitherto, as bearing to
some extent on the question of the desirability or
otherwise of undertaking the pumping scheme for water
supply for Coolgardie.

The fiqures arrived at by Mr. Thompson and by Mr. Campbell,
respectively (vide in each case the fourth paragraphs of
their memoranda) do not quite agree, but, in view of
increasing traffic, it may, 1 think, fairly be assumed that
in the absence of some means of supplying water, other than
we have at present, it will be necessary to carry water in
running tanks, as hitherto, to extent of about 200,000
gallons per diem for eight months in the year, and that the
cost of doing this will exceed the cost of supplying the
water by Coolgardie pumping scheme by somewhere about
£30,000 per annum.

If the scheme to supply only one million gallons were
adopted, therefore, the saving attained by being relieved
from the haulage of water would just about pay the interest
on estimated cost of same (about £1,000,000) and if the
sScheme to supply five million gallons per diem were
adopted, the said saving would amount to nearly half the
interest on estimated cost of same (about 2,500,000).

Personally. I do not think that one million gallons per
diem would be anything like sufficient to provide for: and,
the more 1 think the matter out, the more I am convinced
that it would be desirable to provide for a supply of five
million gallons per diem.

Thus, for instance, if only one million gallons per diem
were provided for, the 200,000 gallons per diem estimated
in the memoranda herewith to be required for railway
purposes would absorb a large percentage of it: and there
has also to be taken into account the requirements of the
towns and villages en route, including Newcastle, Northam,
York, Southern Cross, Coolgardie and Kalgoorlie: so that
very little, if any, of the one million gallons would be
left for mining purposes.



Another element in the matter, which has only recently
struck me, is that if the scheme were constructed to supply
five million gallons, even although five million gallons
were not immediately required, there would merely be the
loss of interest and sinking fund, on the difference in
cost between the one scheme and the other, as the working
expenses, exclusive of interest and sinking fund, need not
necessarily be any greater for the larger scheme than for
the smaller one, unless the larger amount of water is
supplied. That is to say the largest item in the working
expenses, exclusive of interest and sinking fund, is the
actual cost of pumping, and if it were a fact that that
were directly proportional to the quantity pumped, it would
be evident that the cost of pumping one million gallons
daily. through a pipe capable of carrying five million
gallons daily would not be any more than the cost of
pamping one million gallons daily through a pipe capable of
carrying only one million gallons daily.

As a matter of fact, however, the cost of pumping any given
quantity of water diminishes., as the size of the pipe
increases., so that it is not alone the fact that the cost
of pumping one million gallons of water daily, through a
pipe capable of carcying five million gallons of water
daily, would not be any more than the cost of pumping the
same guantity through a pipe capable of carrying one
million of gallons of water daily., but it is a fact that it
would be very much less.

There is also another very important element in the
question, which I have only recently studied out, namely,
the location of the pumping stations in relation to the
static head, and friction head, which has to be overcome:
and I am inclined to think that if we were to adopt the one
million gallons per diem scheme wherein the pumps would
have to overcome a total head of 4,500 feet, 1t would
probably be recommenced that there should be something like
fifteen pumping stations: whereas, if we adopt the five
million gallons per diem scheme, wherein the pumps have to
overcome a total head of only about 2,500 feet, it would
probably be sufficient to have eight or ten pumping
stations: and the same number of pumping stations (namely
eight or ten) would probably also be suitable for the ten
million gallons per diem scheme, wWherein (as it happens)
the head to be overcome would alsce be about 2,500 feet.

In view, therefore, of the great probability of a supply
having to be provided in the future, up to, in all
probability, as much as ten million gallons per diem, it
seems to me that it would be undesirable to adopt a scheme,
as a first instalment of that supply. which would involve a
lacger number of pumping stations than would be necessary
for the remainder of the supply. and which would
consequently possibly involve placing the pumping stations
for the two several instalments (by reason of the said
instalments varying from each other so much in relative
magnitude) in different places: and, if there were fifteen



pumping stations for the one million gallons per diem
supply. and eight others for the five million or ten
million gallons supply to follow it, there would be an
altogether inconvenient and unnecéssary number of pumping
stations for the supply as a whole,

23rd June, 1896, C.Y. O'CONNOR.



APPENDEX "D

COOLGARDIE WATER SUPPLY

Copies of Telegrams and Replies re Cost of Pumping Engines.

Public¢ Works Department, W.A.,
Sewerage and Water Supply for Towns
Perth, July l4th, 1896&. (Branch,

Memorandum for the Engineer-in-Chief,

The following are coples of the telegrams and answers which
passed between the Premier and the Agent-General with reference
to the cost of pumping engines, per horse-power, for Coolgardie
Water Supply.

HORACE P. ROBERTSON

Telegram to Agent-General, 30th October, 1895,

In connection with proposed water supply for Coolgardie, by pumping from
Gufldford, ten million gallons every twenty-four hours, please advise as
soon as possible probable weight and cost, Fremantle, of pumping engines
with boilers complete, capable of developing in all 12,000 hnrse-power, to
be located at six different places, about 2,000 horse-power each place.

Answer - Telegram from Agent-General

- - _ = = -

In reference to your previous telegram, pumping engines will cost £16/4/-
per indicated horse-power, welghing 1,2501bs. 12,000 horse power reguire
2ft., 6in. diameter main, while four 15in. diameter mains require 20,000
horse-power,

Telegram to Agent-General, 12th November, 1895.

Pumping engines — Is £16 per horse-power correct? Tn Hansergh's report on
Helbourne drainage, Victorian Parliamentary Paper 182 of 1890, pages 47 and
50, his estimate, fncluding sheds, 1s one hundred and twenty pounds per
gross horse-poger. Christchurch drainage engines, exclusive of sheds, cost
over £50 per indicated horse power. Am aware horse power dependent on
diamater of pipe, and the 12,000 haorse-power is based on thlirty-six inch

pipe.



Answer - Telegram from Agent-General

If piping be three fect diameter we conflrm. Pumping engines will cost £16
to £18 per Indicated horse -power, including boiler and pipes to be used for
inside sheds. The estimated cost does not include freight, foundations, and

sheds.




APPENDIX E.

Enginecer for Sewerage and Water Supply for Towns
to Engineer-in-Chief.

Public Works Department, W.A.,

Sewerage and Water Supply for Towns
Perth, July 15th, 1896. (Branch,

COOLGARDIE WATER SUPPLY,

Report,

Memorandum for the Engincer-in-Chief.

1.

1 have now the honour to submit a report and estimates of
cost of your scheme for supplying Coolgardie and district
with water from the Darling, or Greenmount, Ranges.

The amount proposed to be supplied is 5,000,000 gallaons per
diem.

I have made an exhaustive examination of the principal
watersheds and streams in such parts of the Darling. or
Greenmount, Ranges as are within a moderate distance of the
goldfields railway line, and have had surveys made of the
best reservoir sites obtainable there.

The valleys examined are those of -

1. Deep Creek, along the Eastern Railway Deviation;
2. Mahogany Creek (a tributary of the above):

3, Helena River;

4, Talbot River;

5. Bland's Brook, near York:

6. Dale River:

7. Mortlock River:

8. Mackie River;

9. Coraline Brook (South of Mokine);

10. Colyaline Creek {South of Clackline);
11. Heale's Brook;
12. Wongamine Brook (North of Northam):

13. Avon River (from six miles above Beverley Lo seventeen
miles below Newcastle);:



I0.

11.

14. Toodyay Brook (North of Newcastle);

15. Boyagerring Brook (North of Newcastle);
l6. Jimperding Brook (West of Newcastle): and
17. Canning River.

I presume you do not wish me to discussg fully, at this
stage, the relative merits of these various sources of
supply, but to indicate briefly anad distinctly which 1
consider to be the safest and best.

This I am able to do with confidence; and I have no
hesitation whatever in saying, that, at this stage, the
Helena River is the source upon which our estimates should
be based.

The respective merits of the other streams I purpose
reporting on a little later on.

At present I cannot positively assert that none eXxcept the
Helena would be suitable, but I can ask you to accept my
assurance that the latter, though not the least expensive,
is perfectly safe and satisfactory.

The estimates appended hereto, and drawn on the basis laid
down by yourself, are made on the assumption that the
Helena will be the source of supply. Should you. later on,
decide in favour in any of the other streams, the cost of
the scheme will not be increased, but rather reduced,
except, perhaps, in the case of the Canning River.

On the Helena I have had several sites surveyed, and I can
with safety recommend one situated about five miles
South-West of Sawyer's Valley Railway Statien. The site is
almost an ideal one. The foundations at the dam site are
bed rock; the valley at that point very narrow, and sides
precipitous.

A concrete dam might be made 100ft. high, and its iength on
top would only be &£50ft. The advantages, however, d¢ not
¢ease there. The river bed is comparatively flat, and the
sheet of water backed up by such a dam would extend for
about seven miles. The quantity of water impounded woulad
be 4,619 million gallons, and the net amount available
annually, after allowing 20ft. in depth at the dam site for
§ilt, and seven feet from top water level for evaporation
2nd soakage, would be 3,330 million gallons. The level of
the river bed there is about 320ft. above the sea, and the
distance from Coolgardie, following generally along the
railway line, is about 330 miles.

The watershed is such that there can be no reasonable doubt
about the reservoir being filled annually. The drainage
area is 350,000 acres, most of it hilly and rocky; and the
Helena and Darkin Rivers traverse its greatest length.



12.

13.

14.

15.

l6.

Assuming a rainfall of 20in. per annum over this area, the
reservoir would be filled every yvear if only 3 per cent. of
the rainfall found its way into it.

The quality of the water is excellent:; there is practically
no settlement in the catchment area, and consequently no
danger of pollution.

Respecting the estimates of cost of the scheme. it ig
unnecessary to say much, as they are based upon your
general instructions, and contain nothing original on my
part. In the matter of the main pipe, however, I may point
out that the minimum thickness of metal adopted (for the
310-inch main) is 3/16 of an inch and the maximum 5/16.

The formula used is that of Neville, modified (for steel
pipes) to the following:-

t = .0007 nd plus .06.

Where t thickness of metal required in inches,
" n No. of atmospheres of pressure,
n d Diameter of pipe in inches.

il

n o

This gives a factor of safetly of 5, with one-gsixteenth of
an inch additional, all through, for wear and oxidation.
As, however, the pipes will be c¢oated twice with Trinidad
asphaltum, the second coat to be put on immediately before
they are laid in place, 1t is expected that the oxidation
will be practically nitl.

THOS. C. HODGSOW,
Engineer for Sewerage and Water Supply
for Towns.




APPENDIX F.

COOLGARDIE_GOLDFIELDS WATER SUPPLY.

Remarks on Results obtained from 9 Reservoirs, between Southern
Cross and Siberia, during the year ending 30th November, 1895,
as shown on Tables “A" & "B* hereunder.

From these figures, it would appear. that the quantity of
water impounded in these reservoirs, as a whole, during the
twelve months ending 30th November, 1895, approximated very
closely to the total capacity of the reservoirs ag a whole,
the quantity of water impounded being, in round figures,

10 million gallons, while the total capacity of the
reservoirs was, in round figures 12 million gallons.

A large portion of the water impounded was, however, lost
by evaporation and absorption, say. probably & million
gallons, and that would bring the quantity actually used
to, say, 6 million gallons, as compared with the total
capacity of the reservoirs which is 12 million gallons.

The cost of the reservoirs, per thousand gallons of
capacity, must therefore be multiplied by two, in order to
get at the cost per thousand gallons of effective result.

The cost of the reservoirs having been about £2 per
thousand gallons of capacity. the cost per thousand gallons
of effective result, has therefore amounted to, say, £4.

On this basis, the interest (at, say, 5%, to allow for a
sinking fund) on cost per thousand gallons would be, say,.
ds,

Taking 6 million gallons as the quantity sold in a vear,
and assuming the number of caretakers to have been nine
(9}, at £150 per annum each, the cost of caretaking would
apparently amount to about 4s. 6d4. per thousand gallons.

The cost of supplying water from reservoirs of this
description, would therefore appear to amount, in all, for
interest on cost, and caretaking only (without counting
maintenance, concerning which I have, at the moment, no
data,) to 8s. 6d. per thousand gallons.

If the cost of maintenance were included, the total cost
would probably be shown to be at least 10s. per thousand
gallons utilized.



9. It would appear, therefore, that water can be supplied, by
means of the proposed pumping scheme, at much less cost per
thousand gallons, than by means of reservoirs of the
description herein described, and it therefore becomes a
question as to whether reservoirs of this description
should continue to be constructed (unless for immediately
urgent requirements) in the localities which would be
supplied by the pumping scheme, to extent at present
contemplated.

{Sgd). C.J. O'CONNOR
Engineer-in- Chief.
gth July, 18%6,
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COOLGARDIE GOLDFIELDS WATER SUPPLY
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COOTGARDIE GOLD FIELDS WATER SUPPLY..

Jadervine  Reporl of the Comunission of  Engincers wppointed. by the
Government of Western Australia,

Westminster, August Srd, 1807,

To the Agent-General for Western dustralin, 15, Victoria Stveet, London, S.1V.

S,
COOLGARDIEE GOLIY FIELDS WATER SUPPLY.

We, the Comnnission appointed to enquire into this matter, having now completed o large
portion of the necessary iuvestigations, have the honour to submit the following interim Report.

The reference to us is econtaived in the foliowing paragraplis of o letter of appointment, sigmed
by vou, and dated London, I1th January, 1897 :—

“The enquiry is not to extend to auy question of sufficiency of supply at souree, but to the
determination of the lollowing —

“ Materinl  and wmethod of manulucture of pipes, whether welded or rvivetted, and
whether welding and rivetting shall be square or spiral,

*The diancter and chickness of pipes and method of protecting.

“Whether pipe line shall be continuous from pump to pump or whebler it shall be
broken by the insertion of reservoirs, at points as near to pups as possible. The mininnne
size of such veservoirs nnd espeeially the depth. .

‘“ Whetlier other reserveoirs shiould be introduced along pipe line, independently of their
possible use for distribution of water along the line. ¥ so, the Dest capacity, and especialiv
their deptl.

** Whether it may be advisable on pavts of the line to duplicate the pipes,

“Whether it would be safe to rivet up the whole iine of pipes, or whethoer joints to
allow for contraction and expansion are necessary ; the kind of jownt most suitable, should
they Le necessary.

** Whether tlic pipes should be laid in o trench and eovered in, or Jelt exposed to view.

“The use of cast iren being prohibited on account of the cost and dilliculty of [reight,
botl by sea and land, the Comwissioncrs need not take it into necount.

““To fix the position of the several pumping stations and the indieased 11T, required at
each,
“To alvise us te the description of engine and the duty to be specified, and the reserve
power at each stution.
“ Lo advise us to the fittings to be used on line.”

We have perused the whole of the veports and specehes supplied Lo us, including the report of
the Chief Bngiveer, 3. C. Y. O’Connor, dated 174l July, 1896, wind the additional information supplied
by the Chief Enginecr, dated 11th December, 1896, including a report by Mv. Thes, C. 1lodgson, of
Perth, Civil Engineer, dated Srd Decernber, 1896,

We have had the advantage in muny of our deliberations of the assistance of My, O’Counor, have
taken cvidence in cases where it appenared that the knowledge of others misht assist us, have visited
works, the manufaetures of which were of special interest in conncetion with the questions to be
determined, and have geuerally informed oursclves in relation tothe various matters gertiane to
the cnquiry.

As the reference to us does not extend to the suflicieney of the supply at the souree, we have
not taken that subjeet into congiderution, but have confined our enquiry o the best conditions under
whiely 5,000,000 gallons a day may be puniped from a storage reservoir to be constructed on the Helena
River, in the Greenmount Ranges, sbout 35 miles irom. Fremantle, to a point near Coolgardie, about
322 iles hurther inhod. This storage reservoir we shall call the Greenmount Resevoir.

From an examination of the plans and from information reccived from My, O’Connor it appenrs
that, for the present as lenst, it would e sullicient to consbriict n service reservoir for Coolgardie, to be
ealled the Coolgardic Serviee Reservoir, on the lill warked Ko, 1 oun the plans, at & distance from the
proposed Greenmount Rescervoir of 328 miles, and at an altitude of 1,653 feet above low water love! at
Fremantle, and of 1,313 fect above the ofi-take level of the Greemmount Reservoir.  Besides these two
terminml veservoirs, there must be one resorvoir at eanch puniping station, and ono ut aliout the 33rd
wile from the Greennount Reservoir,  We nre informed by the Clief Engineer that reservoirs ean be
constructed ot all these sites without exceptional dificulty, but beyond this onr kuowledee concerning
them does not extend, and we have not eousidered any question connceted with their construction,

It may he necessary, we nnderstaud, at some future time to raise part of the supply to a reservolr
to be constrncted on the summit of Mount Barges, about 42 miles from the Coolgardic Service Reservoir,
and about 170 fect higher.  The quantity to be so raised is not at present kuown, and we have not
mikle any recommendation in vegard to it.  When, however, this extension of the preseut schemg
liecomes desirable, theve will be no difficulty by means of an additional puinping station, in raising so

Hauch of the water from the Coolgardie Service Reservoir to the Mount Burges Reservoir as may be
esired. .



P

GENERAL STATEMENT A8 TO THE PRACTICABILITY OF THL SCHEME.

It has been rightly assumed by the Government of Western Australin and their advisers that
the scheme as propounded is quite practicable. Water lias been successfully pumped under much
greater pressures than will be neeessary in this ecnse, and has been passed through pipe aqueducts in
much greater volumes. But there is an element, viz., leakage, which is brenght into exeeptional
prominence when considered in connection with the comparatively small quantity of water—only
5,000,000 gallong a day—to be provided for in the first instance, nnd the great distance—328 miles—
along which it has to be pumped. '

WWe believe that, in the absence of special preeaution, leakages insignificant in themselves, but
oceurring &t a great number of points, wonld be & very scrious matter indeed.  We are satistied,
however, that with proper precautions in the design and manufacture and use of the pipes and joints,
any danger of failure or scrious losa [rom this ecanuse may be avoided, Subject Lo these and to other
preeautions whicl we shall indieate, there can be no doubt that the scheme-—if properly worked out in
detail on the drawing hoard, and adequately deseribed in binding specilications, and subject of course
to due and continuous inspection of the work—may e carried out with the ccrbainty of suucess.

AS TO THE DIAMETERS OF THE PIPES.

The difference of level between the Greenmounnt Storage Reservoir and the Coolgardie Serviee
Reservoir beinyg about 1,313 fect, we have nsswned that in the scheme ot present under consideration
the wliole of the water will be pumped to that height,

In addition to this height there is o frictional vesistance in thie wain, which forms part of the
head against which the pumps aet.

We find that the required quantity of waber ¢an be conveyed withont greater [rictional
resistance thau is desitable by a main of 26 to 30 inclies dinmneter.  VVith o simnller dinineter the work
to be done by the puinps iucreases considerably. For instance, with & 24 inch main the frictional
resistance is about three tiines ag great as with a 30 ineh main.

With the diameters propased by the Commission, and provisionally sot out on drawing No. 1, the
[rictioual resistance in the mains would amount altogether to about (,292 feet, so that thie Lotal
head for the whole length of the main will be about 2,605 feat.

For sueh pipes as ere proposed to be used the [rictional resistanee in feet per mile may be
taken ot the values in the following table :—

Pinseter of Tipe: i inches.
2¢ 28 30
Discharge per day in million gallons.. . 5 5 )
Veloeity in main, feot per sccond ... 3513 2172 -84
Frictional resistance in {cet per mile—
Loepwelded pipes .. 5103 3638 24497
Rivetted pipes ... G159 1270 3103

Using these values, and assuming such a distvibution of pipes of diflerent dinmeters as will
satisty the conditions of pumping power hercafber referred bo, and ns will enuble some at Teast of the
pipes to be nested for shipment, the tokal lift nnd frietion in the main would, as abowve stated, be
aboul 2,607 faot.

AS TO THE PUMPING DINGINES.

To lift 5,000,000 gallons o day to a hieight of 2,605 fect would require 2,743 Pump Horse Power,
or allowing 5 pev cent. for slight leakage froin the inains, evaporation from the internnediate veservoirs,
feod witer and other supplics to the pumping stations, say 2881 PJILDP. This is the power which
should Le provided for vegular woul in addition to o proper reserve against nceident or stoppage for
sverhauling the eugines.  In addition to this, each punipiug station sliouid have a 1eseive of powen,
suflicient to cover any exceptional leakoge, if the coudition of the main is propevly maintained.

We are of opinion that the pumping mnight eonveniently be done from nine pumping stations at
or near the followiug distances from the Greenmowunt Rosorvoir, and with approximately the following
lifts and Horse Powers, respectivoly :—

. Dristanse from o o . Taiap Horse power
Pampit Tatsl Lirg, foctuding |, S0E 00 1
S‘thlll:“:.g Gﬁf:;::‘;m‘:“ friction in wain. B “: :1:‘::](' ::;;li:ve}

Milu e Frt, . B
1 0 130 4064
2 1 120 464
3 75D : 120 4G4
4 137 - 420 16t
5 170-5 185 G005
] 213 185 2045
i 238 : 185 205
8 290 . 145 205
9 324 i 185 305
Total | 2604 2881
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It is to e observed that in the above table we have brouglit the pump horse power (exclusive
ol rescrve) ab caclt of Lhe first Tour stations to the uniforn figure of 464, and et each of the renmining
five stations to the uniform figure of 205, We regurd uniformity of the pumping machinery as of great
tportance.

We append to this Report a drawing, No. 1, showing the positions thus seleeted for the pusping
stations, and the hydvaulic gradients of the differeut sections of the wmain,

The ¢uestion, lowever, of the best possible arvangeinent involves considerations of urcat
complexity, and, in owr tinal report, we miy linve occasion to wodify the ahove table to o slight extent.

POSITION OF MAIN.

We are of opinion that the aqueduct should follow generally the line of railway, en account of
thie facility for conveying the pipes and machinery, and aftcrwards supplying the pumping stations
with fuel and stores,  In two cases, howevaer, the aqueduct way be shortenced by leaving the line of
railway, and we reeomnmend that this be done at the points marked deviations No. l and 2 on
the plan, )

Mr. O°Connor informs us that there is mueh salt in the soil throughout o great part of the

- distriet through which the aqueduct will pass, and we prefer on this account awdl for the avoidance of
external carth pressure and for greater facility in the inspection of the pipes and the suppressiou of
leakage, as well as economy in first eost, that the greater part of the main be left exposed above
ground and not huried i the nsual manner. This may be done in the climate of \Woestern Australia,
since there is no prolonged frost. [t is suggested by the reference and we ave further informed by Ma.
O’'Comnor that no difliculty is appreliended in proiecting the pipes, if so exposed, from wanton injury,
and althiough pipes so exposed are alinest unknown in England, they are by no means unconunon in
thinly populated eountrics.

But many new difliculties arc imvolved in the proposel to expose the pipes on the surface.  or
example, the expansion and’ conbraction due to chunges of temperature aure very greatly increased,
We think these difficulties ean be entirely overcome, hut we have not yet determined in detail npon
the mode of their removal.  Such determination depends upon the vesult of investizations which are
now in progress, and we have thevefore decided, to present this interim report, and to reserve for a
further report our final recommendation as to whethier the maing should or should ot be Inid above
uroatul.

REGULATION OF FLOW ALONG THE AQUEDUCT.

In most seetions of the aqueduet it fortunately heppens that there is high gronnd at o short
distnuce from the pumping engine (compared with the length of the seotion), frein which the tank of
the next punping stalion ay be supplied by gravitation.  Up to that high ground the rvising main
st always be unider the pressnre due to the aliitude and the friction. Yrom this cleyated point,
however, the flow to the tauk of the next pumping station will he by asravitation, and we have
considered whether this gruvitation length should be without stop vadves, or whether, on the other
hond, stop or other valves are required nt the Inlets to the puniping station reservoivs or ot other
peints, for isolating porlions ol the miain in ease of accident, or for the pmpose of obtaining ingress to
the pipes.  The former phuon, which hias been adopted in one or two cuses in Ameries, wonld be e
most cconamienl, for, as the pressure could never exeeed that due to the hydvaulic gradient, lighter
pipes eould be used for parts of the work. But we think that the advantages of stop valves are so
considerable, when for the purpose of repoiving leakuges or othorwise it is desived to cnipty parts ot
thie wain, that it is betler to make Lhe pipes strong encugh to stand the full head of water when at
rest in the main, though the wain will be worked with all the valves open, and the norual pressure
will be that due 1o the clevation and hiydraulic gradient only, |

There is one section requiring speeial treatment. I the scetion between the second and thin!
pumping stations were treated similarly to the vest, the closing of the stop valve at the third pumping
station would pliee about 36 miles of the mnin under pressures of 450 to 650 fect,  These pressures
waould be reduced by about 200 fect, if o veservoir were eonstructed on the high ground near the 3:Hid
wile of the aqueduct, and we recommend that such a reservoir should Lo constructued.  The depth of
this reservoir should not he less than 85 feet.  The mreater its capacity tho better, bub it shoull not
L less than 5,000,000 gallous.

The service reservoir at Coolgardie will be requived not only to equalize the supply for the day
and nighit consumption, but to provide u store of water for use in case of ropair to the main being
necessary.  We think the capacity of this veserveir should not be less than 20 willion gallons and that
its depth sliou!d be as great us the site will veasonably permit,

‘The suction reservoirs b the puanping stations s‘wulﬂ linve a capacity not less than two million
ellons and o deplh of at least 20 feut,

MATERIAL AND CONSTRUCTION OF DIPES

In the reference Lo the Commission the nse of east iron is exeluded, we think very properly,
from consideration.

In comparison with steel there would be no advantoge in using wrought ivon, while there would
certainly be muny disadvantages, :

A main of eaaient with a steel spiral embedded in the cement has been used for seven or cight
years for water inains subject to light pressures. ) )

The system which is patented, hias been used for town supply in Venice and in Algeria, and for
the water supply of the bavracks at Maisous Alfort in Paris, in ench ense by French engineers, who
report favourably upon it,

The cement smiface of such pipes is excellent for hydrauvlie purposcs. They can be made to
stand, when new, working pressures of 100 feet or more, and if laid underground the cement wounld not
doubt continue in a good state of preservation so long ns the steel of the coils was uot attacked by
GOrTosion.
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We visited Puris in ovder to see the metliod of manufacture of these pipes.  We saw the whole
. process and tested two pipes under pressuve. Two other pipes are being sent to us for further
examination and test especially ns to watertightness under different prossures. The result of theso
tests will he dealt with in our supplemental report. In the meantime, with our present knowledge,
we do not recommend the use of these pipes.

. The only other material which ean be used {or the Coolgardic main is mild stecl, which slionid
tn our judgment have a tenncity of 25 to 28 tons per square ineh, wnd an clongation of at least 16 pex
cent. in an f-inch length,  ‘U'he longitudinal joints of sueh pipes may he (a) pas welded, (8) rivetted or
{c) dovetailed,

MR. MEPHAN TERGUSON’S PITE.

A steel pipe has been shown to us with a dovetailed longitudinad joint patented in Australia
and elsewhere by Mr. Mephar Ferguson and termed a vivesless seman,  This joint is inade by swelling
the longitudinal edges of the plate and ringing them together in grooves made in the opposite sides
of a longitudinal bar.  ie baris then closed by prossimre upon the swollen edges of the plate. A pipe
af this kind with two tongitudinal joints was sent to Professor Uuwin, from which suips witly the
jnints in the middle of each wore cut and tested.  Tn the ease of five out of six testy, the strips broke
through the solid plate and not at the joint. The remnining test strip broke ab the joint. Tt is
chvicus that the joint in the specimen pipe was practically as strong as the solid plate. Professor
Unwin afterwards attended wt Messrs, Gwynne’s works and saw w similar piece of pipe tested by
hydraulic pressure.  The pipe was about four feet long, onc-eighth inch thick, aud twelve inches in
diameter. It had two of the patent vivetless scms.  An internal water pressure of 8001hs. per square
inch wans applied belore the test was stopped by leakage ab the ends, whiell haul nothing to do with
the construction of the pipe.  Subscquently, abont 8501bs. per square inch wus got on the pipe helore
leakape at the ends again stopped the test.  In a third test the pressure momentarily reached 9001bs.
per square inch.  The pipe was bulged, but there was no lenknge at the longitudinal joints, and they
did not appear to be injured, though the stress on the steel must have reachod neawrly 20 tons per
square inch when the internal pressure of 900lba, per square inch was applied. 8o far as it wont the
test was vory sadisfactory, but it woutd be desivable te test o consideralile leagth of main made Ly
sueh a mnchine us will he employed in practice in the manufactuce of bhese pipes to ascertain whether
the joint can be made uniformly strong and walber-tight  throughout its Teugth.  The patentee states
that rivetless seam pipes of such sizes as will be vequired for the Coolywrdie  Aqueduet ean be manu-
factured in lengths of about 27 feet,

We are of opinion, however, that if pipes with such joints can be manufuctured on a large seale
with the satislactory results obiained on a swall seale they would be partientarly well suited for use
in the Coolgardic aqueduct.  They would probably be chieaper than rivetted pipes, there would he
fewer points of possible leakage, and they would have less hydraulic resistanee,  We would, thercfers,
suggest to the Govermment that the Patentee should be approached with the view of some arrange.
ment being made with him for trials of the system with such machinery as would be used in practice.
It is quite posaible that plates having the dovetail on both cdges cannot be rolled with the necessary
aceuracy, or that soma other practical difliculty may arisc. Nothing but a trinl on o considerable
scale can decide whether the manufacture of these pipes ean Lo eavvied on with practical success,
Further, we think it desirable that if possible within the time availuble, a length of ot least a wile of
this pipe should be laid above ground, with such joints as the patoutee proposcs to use, and
tested under woter pressure,

Sueh pipes have not yet been made except on an expevimental seale.  Until they bave been
manufactured commercially, and tested in the wny suggested, we are unable to maken reeornmendation
that they should be nsed for the Coolgardie aqueduct. Until further infortation is available, it is
necessary to assune in this interim roport that the wain will be eonstructed accordiug to one or more
of the wellknown and long-tried methods. '

SPIRAL RIVETTED PIPES,

Spiral rivetted pipes have been suggested for the main,  We liave fully consideved the system,
Lut it does not appear to have any advantage sufficient to warrant a reeommendation that it sheald be
used for the Coolgardie main,

WERELDED PIPIES,

Pipes with gas welded lengitudinal joints arc undoubtedly the best. They are stronger for a
viven thicknoess than rivetted pipes, and having a smooth surfuce, thoy preseut less inberruption to the
free flow of the water. But the immunity from possible leakage nt joints is a siill move hmportant
wivantaze, Per unit of length they are sonmewhab more expensive than rivetted pipes, but being about
30 per cent, stronger for equal diammeter and thickness, it is actually cheaper Lo euploy them wherever
the necessary thickness of the rivetted pipe is at least 3 ineh ; below which thickness welded pipes
beecome diflicult to manufacture of the required diameters,

We therclore recoinmend that those pipes which will be subject to the henvier pressures and
which therefove vegnire o thickness of ¥ inch or more, shoald have two gas.welded longitudinal joints,
and that they be made in tubes of about 14 feet length, coupled into pipes of about 28 feot, hy
inserting o plain end of one tube ke o socket formed on the other dube, the transvorse joint heing
rivetted.  Welded tubes cun be manufactured of somewhat greater length, and it would be desivadle
that they should be as long as possible, because it would reduce the vumber of joinls and the possibile
points of leakage. We nnderstand, however, that lengths greater than 28 feet would be inconvenient
for carringe on the Western Anstralian Railways,



RIVETTED PIPYES.

The rvivettod pipes shonld be made with only one tongitudinal joint, ciel “ ving ” o “ tube ™
being therelore formed of wsingle plate. The grontor purt of the aqueduct will consist of such pipes
28 Juches to 30 inches diameter and 7 ineh thick, and the greatest length of the tubes of which
sueh pipes are made up will be about 5 feet 6 inches.

The lengitudinal joints should be double vivetted lap joints, anl thoze of contiguous lengtls
should not full in one line.

Eaell tube should be made of the maximuny length that can be obtained from o single plate.
These tubes should be single rivetted together into lengths convenient for trangport. The question of
the connection of these lengths will be dealt with in our final report. "The tubes may be made of
uniform diameter, butt-jointed, with single rvivetted covering rings. This, however, involves two
rows of rivets at each transverse joint, two circular joints to be caulked which ean be caulked only at
the outer edges, and special difliculty of eaulking wnd rendering watertisht where the ring covers the
overlap of the longitudinal jointe.  As there are two other ways of making the trinsverse joints,
cither of which is less linble to these ohjections, we do not recommend buttjoints. Oue of these ways
is to expand one end of each tube, thus forming a socket to receive Uhe plain end of the next tube and
to jein the two by single rvivetting.  The other plan is to construct the tubes alternately of larger ad
smaller diameter, the dianeters differing by twice the plate thickness. Bl larger tube will then
overlap the smafler tubes at either end and will be eounected therowith by single rivetting,

Having regaed to all tho ciremmstances, we recommend that s rivistt el piped should be
constructed of tubes of alternately larger and smaller dintneter, [n coming to this conclusion, we
have, of course, considered the increased hydranliv resistance whiclt we wre satisfied is unimportant.

AB TO BENDS.

The neeessary bends will have lurge radii, and may therefore be nde by bevelling the ends of
eontizuous pipes. It is possible to arrange for all bends te be minde by various numbers of pipes with
standard bevels of 21, 5, 71 and 10 degrees.

TIIICKNLESS OF PIPES.
The mains may be ealeuluted for o working stress of 71 tons per squave inch on the net section of
the metal, with an allowance of 1-16 inch for corrosion and otlier contingencies, .
For lop-welded mains it does not appear desivable that tho thickness should be less than a § inch.
Yor less thickiess the welding is difticult and the strength of the weld uncertain.  The following table
gives the thickness of welded main necessary for diflerent heads :—

TWelded fain.

Diameter in ieehes, Thickness in inches.

i’ '1'.:;‘

Greatest safe Tusud i Teol,

2% 360 i 746
a7 539 718
23 ' 520 692
30 485 647

In the case of the rivotted main the strengbh of a double rivetted joint, if well proportioned, is
seven-tenths of the strength of the phate, or, in other words, its officicney is 07, This being so, the

above rule would give the following as the maximum heads for the various dimneters and thicknesses
of the vivetted main ;—

Rivetted Main.

Diameler in inclies, Thickness.
e in, 1in, RAREY 2 im
1 Crentest sele bead in foct,
26 2060 395 327 460
a7 a5 e | N G
23 245 363 4490 813
30 220 l 340 405 292

From seetion No, 1 of the line showing the pumping stations and hydvaulic gradients, it will be
seen that a considerable portion of the main will not be subjected to u greater head than 200 fect, so
that wost of the length ainay be of v ineh steel with double rivetted longitedina) joiuls,

With respect generally to the jointing, it is important to bewr in mind that gas welded longitudinal
joints, if they pass the hydraulic test, will alimost certaily continue water-tight. With rivetted 10ints,
however, this is not so.  Small lcaks from under the lap, or past the rivets, exist initially or are
developed i time by the straining actions on the pipes. By our recomuendations we hope to redues
those straining actions to a minimum, but the greatest possible eare inust be taken to wake the pipes
water-tight before they leave the place of manufucture, und to cantk any leaks which may subsequently
develop us soon as possible after they beconie visible.



PREBERVATION I'ROM CORROSION,

The corrosion of the wain internally or externally s the most serious danger to which it is
exposed, and it must be conted with nsphalte in the most earefnl way possible.

In the process o rolling, the surface of the stecl is changed to a waguetic oxide (commonty
called * black oxide ) which, althongh resisting covrosion ilself, vapidly scules off. It is necessary
that this scale should be eompletely removed by abath of dilute sulphuric acid followed by a bath of Hitne
water, immediately before the plates are vivetted np,  This is successlully done in praclice, and should
be insisted upon.  While still in the lengths required for shipment, the pipes should be dipped in a
ncarly boiling asphaltic composition both in BEngland and immediately befare being laid in Ausiralia,
This composition should be a natural asplinlte containing a large proportion of Litumen, with so wnueh
heavy tar ol (creosote oil of commeree) added to it as may be necessary to produee when eold a stiooth
plastic and strongly adbesive varnish,  The usual method with cast iren pipes is firat to heat them in
an open-topped funnel-shaped stove of brickwork, at the battom of which is a fira. By this mmeans the
pipes are rarely heated uniformly.  In the case of the Coolgardie pipes, special arcangements should
be made for hieating each length to a unilorn tempervature of about 300 degrees Palirenheit. When
5o heated, the tubes should be dipped into the nearly boiling asplialte.  Ieve again it is essential that
special arrangements should be made ; the fire is frequently allowoed to impinge upon the plates of the
Lath, and thus, by the evolution of grses from the already viseous nsphalte, to vender the hottest
portions mote viscous still, so that they cease to circulate, These objections musl be earefully avoided.
The pipes should remain in the asphalte until they have fully aequived the tewperature of the liguid,
and should then be drawn out and allowed to eool while hanging in that posiiion.

The dipping on the ground sheuld follow as nearly as inay be the conditions above described,
and any parts of the pipe at which the conting is damaged by vivetting, eanlking or otherwise, should be
properly painted with a uatural asphalte dissolved in bisulphide of carbion.

PROVING TIPS,

Before being dipped the pipes should be proved by hiydraulic pressure, the test pressure in each
case being such that the stress on the net seetion of material shall be 12 tons to the squave inclh.

YALVES.

Theve are used on nnins ol this kind stop valves, self-ucting stop valves, autmnatic ceflux
vulves, scour valves and air valves.

Stror Yanves.—These should e on the sliding sluice principle with double faces. It is not
necessary that the valve opening shonld be of the samie arca as thas of Lhe main,  The loss of lend
with o valve havimg an ares equal to one-thivd that of the nain, 1s 80 smadl thal it s more than com-
pensated for by the comparative lightuess, ease of working, and econowmy in cosi.  The inlct and out.
let to enely valve shoul:d geadually taper from the size af the main to that of the valve,  Tiomaing of
sueh leogth it is essontial, however, that the valves should be so desianed and eonstructed that the
final clesing is very slow.  Stop valves are now satisfactorily made of shehtly different patterns by
different makers. [t is only necessury to speeifly the goneral eonstruelion and switable test prossitres,
and to require the makers to wention in their tender the weight of the valve as a whole, and weight
and eowposition of tho gnnmetal parts, and to send a working sectional deawing of the valve, These
stop valves will be requived at the jnlet to cach reservoir, at the outlet of the punps, at every
Hnportant depression, and wenerally at distances apart not exceeding five miles.

Beoun Yanvis.—These should have openings of 9ins. to § ins, according to the length of main
commanded, mul should be plaeed on pipes connected with the under side of the main at every
depression.  The scour pipes should be carried to paints at which the waber can be harnilessly dis-
charged, and from which it eannot reburn to the line of main.  Wheve a stop valve occurs, a seour
valve will generally be vequired on cither side of it.

Srnr-actena Vanvis—These are of two kinds, viz,, those which elose when the velovity of the
water Becomes abnorinal, s reflux valves, which close when the tlow ceases ov tends to reverse.
Both farms are commonly and usefully cmployed in the case of bong lengths of east iron nains,  The
first kind, if properly designed and so constructed that the lust pat of the closing is dane execedingly
slowly, will effectnally shut off the supply withont dauger to the main when from any cause, as for
example o burst in a pipe below, the veloeity of the water is increased to an abnormal extent.

When o large cast iron pipe bursts, an openiig is frequently made s large as the pipe itsell
With wild steel pipes lowever no lenkage is likely to occwr ab any one point of suflicient mnownt to
greatly inevease the velocity of the water, or to eanse the very servious difliculties which the sudden
dischavge of the main would entail.  Under these cireumstantes we think it unuceessary o introduce
the complication of the first kind of self-peting valves, which close for almovmal flows,  Reflux valves
are, however, desivable at the inlet to ench yeservoir, and immediately above cach pumping sbation.
These should be mltiple flup valves so designed as to have the smallest possible lift in order that the
backward flow of the water may be checked Lefore any harmiful velocily is altained. The aggregate
arca of the openings should be at least half the awea of the pipe.

A Vanves,—Ib is necessary to provide air valves at all sunumits of npward bends in the main
to Hiberate the air, when charging the inain, and to keep it Iree lrom air disengaged from the water
flowing in the main or possibly fron gos produeed by decomposition of orginnie mablers in the water,
Tt s known to the Comamission that sericus ifficuliies have arisen in sone eases froon insuflicinl
provigion ol air valves, or from the appliances provided nol acting elliciently.  Simple stop cocls were
at one tine used ag air valves on the sumnits of water ains, bub auntomnatic air valves are now com-
monly used, nud we are of opinion that such valves are nocossary.  The air valves should be in gronps
ol three or four in one casing wnd of considerable discharging capacily., In the ecase of the
Coolgardic main we shink these should be metallic valves. They should be proteeted by a
strong cover from the possibility of Interlerence or  injury, and the leakage should be
led frown them and not allowed to flow over the main, In the case of a stesl main
of this kind the valves have n sceond function to porform, If the pressure in the nain {alls below
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atmospheric pressure, they will adinit air and prevent o collapse of the main. The rapid einptying of
lengths of the muain would but for such o provisiou produce a vacuum in the main, In some cases the
provision of air valves s been rendered inefliciént in eousequence of the wir being earried past them
by the llow of the water at mare or Jess considerable velovity.” We reconmiend, therefore, the provigion
ol air domes at each rise consisting of 12-inch cast irou pipes 18 inches in depth with Hauges fitted to
the crown of the pipe.  Inmediately above sueh dome should be fixed a 3-inely stop valve, and above
that the air valve proper,  Instead of eutbting a 12-inch hole in the main, it should be perforated with
nutmerous sinatler holes.  Ioaddition to this, at the most haportant suuonits, about sixteen in number
wo recolmnend enlargeients of the nin to abuub bwice the normw) dimneter, thus forming chambers,
b which the velocity of the water wouldl be reduced, and wheve the aiv or gas could freely disengage
itsell from the water and vseape by the nir valves. The enlargement may be made by sradaally
tapering a length of main up to and awwy frowm the air valve.

With this report we send three drawings, Nos. 2, 3 and 4, showiug a, proper distribution of the
various valves in two typieal sections of the aqueduct.

SOME GENERAL CONDITIONS.

We thiul it important to aveid allowing the wain at any point intermediate between the inlet
and outlet of eacl section to rise within about 10 feet of the hydraulic gradient excopt near the inlets
to the pumping station tanks, where it should not rvise above that gradicnt, and to avoid this it will be
neecessury near the inlet to the tank, to lay the pipes considerably below the geueral level of the ground.
Wherever the pipes are se laid anc or more of the following precautions must be taken :—

«. The pipes must be lid in open trenches. . The pipes must be 1aid in conercte. ¢. The
pipes nust be very considerably inereased in thickness, or otherwise strengthened to
resist the external earth pressure,

A combination of two, or all thvee, of these nethods 1may he adopted as iy be inost suitable
in each casie, but this smst be considered as the drawings are prepared.

THE STIEAM TPUMPING MACIIINERY.
: The amount of punping vequired in the Coolgardie scheme is large und the price of coal in
the Colony is high.  But there is nothing exceptional in the sizes of engines required or in their
avrangement, and we see no reason why the pumping should not be carried on in a perfectly satis-
factory way and at a cost somewhat less than that assumed in the estiates whicl bave héen put
before us in the Chief Engincer's Report.

With a view of gebling definite information we obtained estimates from the principal makers of
steam pumping maclinery in this country, and we Lave also received an estimate from one of the
most important firms in the United States which manufactures machinery of this kind, In asking for
vsthuates, complete freedom was given to manufacturers as to the type of steam engines, winps and
loilers to be proposed by thein. A tracing of the pipe line with the sites of the proposut{) pumping
stations marked wus supplied to them, Lut they wero permitted to suggest any arrangements whicll
they thought dusivable. The estiniates reeeived are in some cases very earclully drawn up.  As it
appents to us neeessary that tendervs for the pumping machinery shoukl be obtained on o more
etailed =pecification of the requirements, it is not desirable that thie proposals of the different makers
should be disecussed in this report.

Tue tyrE or uNgiNn 1o ui avorrep vor TuE CooLcawntn sciemn.—It is only proposed at
present to have oue line of main, und the cost of conl delivered nt mean distance along tlie pipe lina
Is given in Mz, O’Connor's estinate at 325, o ton.  Heuce it is cssential o alopt cconomical cngines,
wnd to provide in every way for eflicient working throughout the twenty-four howrs without stoppage
or delay, and to tako every possible precaution against visk of accident either to the engines or the
main.  As the whole eost of the punping machinery, exclusive of buildings and foundations, will
reobably be loss than one-sixteenth of the whole sstitneled cost of the scheme, there is no resson why
the type of st pumping machinery adopted should not bé absolutely the best obrainable Laving
Teand Lo all the locat eonditions of the work to be done.

L our opinion the engines should be triple expansion engines wilh swface condensers, The
loiler pressure shonld be from 150 to 180 1bs. per square inch, that is high enough to make triple
expansion effcetive.  We have considered the question and we think that the surfiee condensers way
e worked by passing the puped water througl the condensers without vuduly heating the water,

Diveet acting engines without 1ly wheels wonld be very suitable for pumping into the exception-
ally long iaing of the Coolgardic aqueduct. Bogines with fly whecls are also used safely for puLping
directly into imains, expedicuts belng wdopted whiel minindse the visk of damage frem the store
vuergy of afly wheel when an secident happens to the main.  But in deawing o specilication for
tenders it should be stated that if vetative cngines are proposed a strong prefercnice will be given to
cugines o arranged ws to lave a very woilorm turning mownent, and whicly, thevefore, do not reqitire
fly wheels having o large ainount of stored cnergy, The pumps shoull be arranged to give a fairly
uniforn discharge to lessen dependence on the cushioning of an air vessel Letween the punps and
the maim.  The makers should be invited to arvange safety applianecs and to state fulty what provision
they have made against cither a sudden increuse of pressure duc to an accidental obstruction in the
main or a sudden velief of pressuvo due to bursting of the main or sudden opening of a scour valve.
The makers should be required to state the duty of the engines in Ihs, of steam per pump I1LP, lour,
and in lbs. of coul per puinp 112, hour, which they are prepared to guarantee under a penalty for
every quarter of 2 pound of steam, and every tenth of a pound of eonl by which the guarautee duty is
dirninished.

In our opinion each pumping station should be provided with three pumping engines, ench
capable of pumping 24 million gallons agaivst the head at that station. Two of tliese engines would
be normally at work, and one in reserve, The pumping lifts in the plan we propose have been so
arranged that only two sizes of puping engine are required for all the different stations. This
secures, Lesides facility of manufacture, the greatest possible interchangealility of paits in the engines
and the groatest simplicity of management.



N

To obtain the higlest possible cconomy of vowl, ebgines of a valher eomplicated lcisd ar
necessery.  We are of opinion that under the conditions of working in Western Australia it is desivable
1o sacrifice o little in cconowny of coul, il by doing se o materinl gnin in shmsplicity of the engine can
be abtoined.  Irobably with such lifts as there are on the Coolgnrdie aqueduet it would Lie possilile to
have engines working with 141bs. of steam per INIL P, hows, or witlt 1-5 1bs, of coal per PILT. DBut
such engines would necessarily be compliented engines.  Without going so fur, at this stage of the
inquiry, as to say that such cogines, il propesed by any manufacturer, should not be considered, we
arce of opinion that a simpler engine, working with 18lbs. of steam per P.ILT. Lour, or 1-9lb. of coal per
P.1L.I’. hour, will probably be imore suitale.

The steam and coal consumption given above are, of course, the steain and coal conswnption n
trinl eonditions of working with very poad eoal, aid exclusive of the stean comsurnption for working
fecd pumps and auxiliary mnnchinery, In ordinary working, with variations of load, the consumption
of steam and conl will neeessary be somewhat greater.

The engines Leing surface condensing ongineg, the boilexs will be fed cliefly with condensed
stean. Hence there is no objection to adepling watber tube boilers. Leoking ab the dilliculbies of
transport, and the high steam pressure requived for triple expansion engines, we are of opinion that
Lancashire beoilers would proebably be more costly and lcss convenient than zood water Lube boilers.
We do not, however, recommmend waber tube beilers of the sinall tube or Lovpedo boat type.

GENERAL ESTIMATE O COST.

We estimate that, assuiming the tubes are made up into lengths of about 30 feet in this couniry,
the pipes, valves and engines may be delivered at Ifvemantle ab a cost somewhat below that estimated
by the Chiel Engineer in his report dabed 17th July, 189G,

In conelusion we desire to refer to our general stateinent ab page 2, as to the practicability of
the sclieme, and to add that in sueh a case simplicity ol construetion and working ave of unusual
unportance, '

In somne vespeets the undertaking will exceed in magnitude anything hitherte performed, but
ench of the nine sections will be comnplote in itsell, and so long a8 watbor is supplied to nny section by
that immedintely belew it the problemn presents no greater dillieulty than ihat of pmnping 5,000,000
gallons o day to a height of 300 fect at o distance of 24 miles and allowing it to gravitute again to i
further distance of 40 miles. )

The series of nine seetions proposed having on the average a much smallee liead and a mueh
shorter puimping main thau this, may, onder the conditions we have proposcd, be worled with very
little risk of broak-down even for an honr, The pumping at each station will be vegulated by the depth
of water in the rescrvoir from which the engines of that station dvaw their supply, and as that depth
will depend upon the quantity pumped from the next station below, and so on down lo No, 1 Station,
no difliculty of regulation froni No. 1 acenrs, Where on the other hand any puinping station fails to
maintain the rate of pumping of those below, the worst that can happen will be an overfiow at the
reservolr of that station and a corresponding reduction of supply ot Coolgardic.

Eacli reservoir shonld he provided with a suitable water level recorder, by meaus of whieh the
variation of level in the reservoir will be coutinuonsly registered. Tach diagramm may conveniently
represent o wocek's working, and with tho weekly series of nine such diagrams, together with ecrtain
engine dingrams, and the eorresponding nine weekly diavies of the engine men before him, the
engineer in charge will be in possession of such facts as would make any abuormal working, whether
from accident or neglect of duty, at once appavent. While therefore the proper working ol the whole
system presents no difficulty, it is quite clear that it will require some simple nnd inexpensive
organisation, without which the results of exeellenec or simplicity of design and worlumanship may be
rendered abertive.

We are, Sir,

Yaur obedient Servants,

3

JOHN CARRUTHERS,
GEORGE F. DEACON,
WILLIAM CAWTHORNE UNWIN.

PUUNTED 1Y WRUPENAK MolrKTMN ANE AXpnewa, WESTHSSTEN, Loy,
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COOLGARDIE GOLD FIELDS WATER SUPPLY,

Final Eeport of the Commission of Engineers appointed by the
Government of Western Australic.

WESTMINSTER, 318t December, 1805,
The Ayent-General for Western Australia, 15, Victoria Streel, Westwinster.

SIR,
COOLGALRDIE GOLD FIELDS WATER SUPPLY.

We, the Commission appointed to inquire into the question of the Coolgardic Goldfields Water
Supply, have the honour to submit onr Final Report as follows 1v—

. Tue Ayuepver.—It was stated at page 5 of our Interim Report, of 3rd August, 1887, that the
tables showing the positiong aml lifts of the pumps mizht be modified in tho final report, and we sub-
mit o new longitadinal section showing the positions and lifts in the alternative scheme.

The hydranlic gradients of the aquednet, and, therefore, the requisite power of the pnmping engines
depends on the dinmeters of the pipes, aml these again are influenced by the size of the steel pltes
that can conveniently be rolled. Wo therefore had two plates rolled, the largest that could Le obtained
of } inch thickuess, and had them made up iuto two welded tubes, in one of which the length and in the
other the breadth of the plates was made the length of the tnbe. The tabes were vespectively U feet 44 inches
long by 28 inches inteenal dinmeter, and 7 feet 8 inches long hy 32 inches internal dinmeter, It appeared
from this trinl that a tube of 29inches diumeter is the largest that can e practically ebtained, when the width
of the plate bacomes the circumference of the tube, nud we hiave on that aceount adepted 29 inches as the
maximum dinmeter to be recomended for tho welded pipes. In order to save freight, by nesting the
pipes, and otherwise to reduce the first cost, we have, however, vavied the gradient Ly introducing pipes of
Tess dinmeter on parts of the aqueduct,

We propose that the portions of the naqueduct, subject to the lighter pressures, slmll be
constructed witL rivetted pipes, the thickness of which will generally lie 3 incli.  Plates of this thickness
cannot be ralled so large as those above mentionel.  In this case, therefore, the circumference of ench tubs
made from a single plate will have to be equal to the lenglh and not to the width of the Plate,
urless pipes less than 29 inches dinmeter be adoptet.  From estimates we have made of the relative ooats
of pipes of diflerent dinmeters, we, however, find, when all the conditions adfeeting the problem are taken
into nceount, that the most favournble diameter for the rivetted pipes is 31 inches. We bave made no
endeavour to provide for nesting such pipes into cach other for shipment, as they will be more cheaply
sent one as plates, cither flat o only partly curved.

Wo have arranged and shown on the longitudinal seetion, gradients suitable to these diamcters of
pipes, -together with tho corvesponding positions of the pmuping stations, and the caleulated 1ift at each
station. The number of pumiping stations, it will be obscrved, is, in this alternutive mrrangement, eight,
of which four will have a lift of 406 feet each, and the other fiwe a lift of 188 feet each, while the
Interim Report recomnended fuur stations with 420 feet 1ift, and five with 185 feet lift. Thiy reductivn
in the nuuber of pumping stations, and in the totnl lift cannot, of course, be obtained without jncreased
cost of main, owing to larger pipes being required, often of greater thickness,

Wo find that the first cost of the alteruative arrangement would probally bo £70,000 to £80,000
meore than that of the schewo as set forth in owr Interim Report, but we belicve that the reduced cost
of pumping would, at feast, balaneos the interest on additional capital. Ou tho whole, we think the revisw
scheme is to be preferred, but we regard the question as one of financial policy rather than of enginecring.

Tire Prwryve Exaies.—Wes have not considered it desirable to make meore specific recommenita-
tions as to the type of engines which should be adopted than those in the Interim Heport.  Unuler certain
conditions and in one particular, however, we propose to modify our recommendations. The Coulgardie
Scheme i3 unique in this respeet, that there will be eight puniping stations in series, the stoppage of any
one of which will arrost the working of the whole ling. It appeared to us that, with a minimnm nnmber
of three eugines at each station, there would be the greatest seearity against the complete stoppage of the
working of the line, Two of the three engines working together would pump the full snpply of 5,000,000
gollons per day, and the third wonld be  reserve engine.  With this arrangement, which is that recom-
metiled in the Interim Report, each pump at each station would be for 23 million gallons, while there
would be two sizes of steam engines proportioned to the two different lifts respectively,

We do not propose to modify our former recomnendations, should triple three-cylinder crank and
fly-wheel engires be adopted. In the case, however, of tandem-conpled or duplex engines, each of whicl is
really a pair of single engines, the amangeinent, while still, in our opinion, the best for the 406 fect lifts,
appears to be not quite so suitable or cconoical for the 188 feet lifts.  Wo woulil, therefore, propose to
allow the wakers tendering the choice of using in the four stations of the alternative scheme with 188
feet 1ift, or in the five stations, of the Interim Report, with 185 feet lift, vither two engines,

ono working
and the othwr in reserve; or three engines, two working and one in reserve.
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SipEre CEMERT Pierg.—Ab page G of enr Intevim Report, we veferved to a sysiem of constrocting
pipes with n steel spiral embuedded in cement, or move properly cement-mortar, for the composition is two
guurs |Jy measure of sand to suo of Portlud cement.  Thia mle of constmstion, if stherwise satisinetory,
woull]l possesa some advantage where suitabte sunl coulil be remlily obiiained, aad where the dillicnities of
conveyance arg excoptional. “T'he steel bars are of M section, abous £ inch deep, awd, if bronght ta the growd
i atraight lengths, conld be easily bent, by meana of a sinple machine to the required form. The
ruitability of guch pipes for preasures up to a head of about 100 feet of water, hald been strongly yepresented
to we. We felt the lasue to Do so importont, that, having acen the pipes mamfactured in Paris,—where
we teatel two of them, and exmmived] many others of different sgres, we arratiged with the patendee tn
sewd Lo London two pipes of full lengih, and a shorter picce for special ecxinmination and protevged test,
The internal dinmeter of the two pipes wis abuut hall a ometre (URGR inches) sid thie kenglh of cach about
three metres (.84 feet).

The leakuge of the Lwo pipen, when subjected {o rleady bend of water of abont 20 feet, was very
eongiderable, and nvearly identicnl, bt this leakape decreasel papidly at first and more slowly afterwards,
With oue of the pipes, bthe tert was comdinued for 80 diys, duving which tine Lthe pressure wag changed
frow 20 to 40, and finally Lo 60 foet.  Our examination of the stewcture of these pipes, aud the tests we
bave mivle, satisfy ns that they are not suitable for any  part of the Goolgardie wain, but we
do not express any opinion ag to their suitability i ollier civewnstances.  The Coslgardie eonlitions are
mogt. exceptional, and cach case should be eousidered on ita merits,

Pomrioy oF MaN AnovE ort nELow Guounn-—Tir our Enterimi Report, we indicated, under the head
+ Qeneral Stateaent 03 to the Practienbility of the Seleme,” at pago 3, and uader the head ** Position of
Main,” at page H, the great importance we attached to the yuestion of loakayge,

In nny main, owever comstracted, sobwe feakige is to be expeelad, ol it iy elewr Lhad the quantity
of auch teskagoe ia Jikely to be in proportion to the length of the nuin, Sowmit leakages Trom the joints
and rivets of steel pipes, eubject to the atraing cauged by expansion amd contraction, are certain te vecur.
1f detected early they are not dillicult to cure, hut, below ground, the imdividual cises are most diffientt
to detect until the flow i great enough bo couae visilde wetvess it the surfuee, nmd before this vecurs
mieh danage may be done. We believe that the apgregate amonnt of lenkage widder snech cirens-
stances, in tho Cooleardie wain, 328 milea loug, might e a serious proportion of the 5,000,000 gullons
a day lntended to e dehiverwl at Cooleardie.  For this reason we Iave given el ennsiderntion to L
expraliency of layivg the wniug above pround, wheve the mlightest leakage might be at vnee detected and
suppressed.  Dut, above the ground, the vange of tomperatare, sl the conseynent range o expansion
andd contraetion, are much grenter than o few feel helow gronnd. 11 the main werovivetted up from end
to cud, a8 has been dome in pome cases, the strafning action at 1he vivels and joiuts wonbl be excessive
We Lhave congideral the expoediesey of using feequent leml joints, hut, o exposed, we think they would
cnuse congitderalile difieolty from Jeadagey wad the cost woukl e greater (hane that of espansion joinls
at about every 120 fect.

Bxrassion Jonrs, — If the Coolgodie main s plieed above groamd, it is of Uwe highest
importance to hwve dwable snd officient expangion joivts,  The anwount of expangion to be provided for
9 laree, about § of an inch por 1000 feel Jengdly, for a change of lemperidure of 75 desrees Talir. So far
a8 we know, no eaze has previously oveurred in which the geneval expansion of a water mnin has required
to be net by an extensive use of expansion jeintz.  We have, therefore, heen driven to consider and 1o
recommend wlat is essentinlly a new oxpadient in such a ease. It appears that, with such a rnpe of
movement, some forin of stullivg box joint mnst he adopred.  After considering varions forms, we have
come to the conelusion that o juint on the prineiple of that used on the wore reeent Paris compressed aie
mains iz well adapted to this parpose.®  No forw of expansion joint which has eome wader var notice, or
which we have been able to devise, is simpler, cheaper, or hlely tn Le move elliient. than the Paris joint,
althongh, so far ag we ean useorlain, it has not, up oo the present time, been used for water mmins, except,
for the joints of a 59-ineh steel pipe, subject toa head of whont 263 feot, vevently constructed jn con-
nection with the water supply of 'aris. The natertals on whick it depemls hawve, however, hoen go sed
for a long time pust, and we have no doubt whatever tiab o joint of this kind ean he o designed as 1o be
sd remain perfectly walertight for such o time as would nmply justily its adoptiou,

Sach v joint was constructed at our sugrestion iy My Clewinger, the vepresentative of Mr,
Mephan Ferguson, patentee of the seamless pipe.  We aaw (his joint testad an ong of tle sennless pipes
several times up to a pressure of GO0 lbs. per aquare inch. Tt appeared so far to he gnite satisfactory.

We next thought it neccssary to carry out prolonged tests of The joint in such a manner that the
movenmenta due to expansion and contenctivn of the pipea woukd he finitated.

Wo gend with this vepert o sleawing and description of the joint so experimented with. It s
gubstantjaily the sasne aa that used in 'aria.

The triala, which were earried ent under the direetion of Me. Theacon, indicated ehat the details
of the design could be Lngrroved, ot notwilhsbarabing sone defeets of Hie experimental apparatuas, which
on the whoele were wnfavourable to the endutasce of the joint, the results of fhe triald as set oot in
appendix A are excellent, awd, in our judgment, fully warrant the siloption of a joiut on this principle.

The apparatus consisted of a 12 inch welled steel pipe, about 3 feet loug, divided transversely into
threo picces, the two end picecs being fixed, and the middle piece—13 feet long—being free to move
axinlly to the exteut of nboug § inch.  The joints ahown and described on the drnwing were placed round
tho open apnces between the three picces. The pipe was charged with water maintained at a head of

*Thig juint is deserilid in Rendeanx <" Der Constencteny,” 13469, as the juint of Novoady,
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from 300 to 400 fect, and the central pipe was go connected with o steam engine that an approximately
harmonic reciprocating motion in un axial divection, with periods of three to the minute, could be given
to it.

We believe that if expausion joints are placed at every 120 feet in tho Coclgardie pipes, the
maaxirowm animel wotion whivh awgeht to be allowed for will sot exeeed § inel, and we think that this
range i3 only likely to ocare If the pipes aro empiied during extremes of Joeal temperatare.  We,
therefore, made § inch the maximum range of motion at vach juint, .aml we have hmitated the smaller
and more usual anvual iwevernents by ranges of about § ineh, and the diurnal wovements in an exageerated
way, by ranges vacying from § to Y ineb,

Four different yualities of vuleanized Imdia-rubber were experimented with, and the genceral result
was to show thatl the dearer qualitics were not the best for this purpese. With ediun qualities (see
Tables 7 and 8}, wyed in two rings, the Full range of & inch way repeated 990 and 1,420 times respectively
before any leakage ovcurred, while 13,000 amd 16,000 doulle strokey respectively, of 4 inch were given
with another guality of vabbar of the sane priee, as shown by Tables 5 and 6, before any leakage eccurred.

It is to l'e abserveld, morgover, that, on tightening ap the bolts of the joints sulijected to the § inch
strokes, in Tables 7 wnd 3, whien the leskage miountad to about two deops per minute, they were further
subjected to wore than 13,000 doulle strokes of 5 inel each, during amd after whicl no leakage oceurred.
We are salisfivd that The dinral contraction and expangion will not amount to anything liko 5 ineh, aml
wo therefure think that this miay be regarded a8 a0 very severs test of divemnl work.  Severo tests, with
strolkes of mixed ranges, will be found in Tabley 1 oand 2.

The ahove olservations apply exclusively to the two rubbor riugs encirding the twe ol respee-
tively of the central moviey pipe. DBut, owing to the congtvaetion of the apparatns, the two joiuts then-
selves moveld througly sinaller raages, bat wore or less in proportion to the Biffercnee uf recordl wnolions
between the eentral pipe and the joint.  Tnoone of these, mado with a rigg of the lowest quality of rubber
ued, this metian of the jointy i relation to the two Gixed end pipes, yaried (as shown in Table 93 from
about §ineh to about 5, sbiinge the fiest 2,500 zivokes, and sabsequently from about -, inch to 1 inch
throughout the yemaining tests, covering 37,605 double strakes,  The motion of the other ving (ses Tabic
1), with the viediv guality of rubber, vavied from alont 3 el to o inchy dduvigr the first 2,500
strokes, anid subsequently from about 4% to 5y incel toughont  the remaining  tests, coveringe 37.605
denble Aeoles. Daginge the whole 10,105 atvobey, Lol thede outer ringy remained peefectly watertight,
and weee sl waterticht after the experiments il ended.

Itis buolicved that, wantil lenkage occurred, no sliding of the rubber took plice, but that the whele
of the displaceiment was satisticd by distortion of the rubber,

Jtyoust not, of course, he expected that the vubber will emlure for the numbey of yers corre-
spunding with the nmsher of repetitious of doable strokes of the Jonger ranges, cach of which was
completad i ouelied of o winute. Other clements witl probaldy conulnee to the deterioration of the
rublber, before the wechanical slraivs to which it will he subjected canse the joint to leak. Bt it is one
advantigre of this joint that the veplicement of the packing is not 0 very sevious watter.  Other advan-

tages are the Lueral fexibility of the joints, whiel permits of considlerable sngular minvament of any
two adjoining pipes, and the facility with which any length of pipe nuy be mpidly ranoved and repliced.

On the whole, we regard the resolt of these esperiments s most satisfactory, hut the lavzer
joint required Jor the Coolganlic main st be cavefolly amd specially desigoed. In the onse of the
rivettal pipes, o seating st be provided at the eods of the pipes to receive the expansion joints. This
must be asteel ring with conntersunk rively,

Mot ow Feona rue Mame — As the cost of the joint above deseribed is by no means
prolibitive, amd as it is otherwise soitable, wo think the principlo of congtruction should be adoptal,
arub that the pipes should be bad above ground. They may conveniently he supparted on thuber bulsters
or aleepery, the npper siley of which woull be hollowel to o dopth of not less than 6 inches to fit the
ubdderside uf the pipe.

Su placad with the expausion jintd at every 120 feet, the pipes woulil affer but 1Hlle resistance tn
mwotion, and the action known az coceping iy oceur (ue to the preater fucility with which the wetal
san expatal inone diveetion, as for dostance, down-hill, than in the other), unless such action is e
gignlly prevented, Again, in adl curves the jointy will have a0 tendency to move rudially feom the centre
of the carve, For eximple, in the cise of o 30 el pipe, wider o head of 400 feet, and having a radins
of only LU ehainy, there would b w vodind vhroast of abott 9 1ens on cach length between e expansion
joints, andd, in the event of the sndden closing of a valve, the instantancons pressnre might be maeh higher.
Moreover, it may be found that shovter vadii than 10 chaing are desimble in places,

It is essential that hoth the temleney to creep and tho tendency to mowve under outward pressure
at the curves should be effectually counternctal,  The tendeney o ereep will certainly exist in some, if
not all, of the pipes, mul we are not satistied that it may not exist also in the joints themsclves, oven
if the piyes are preventéd from eveoping bodily.  To prevent the erveeping of the pipes, it is fmportant
that the niddle of the length of cach pips shonld be prevented from moving axially, and this may be Jdone
by means of a mass of conerete, ov by timber piles, holding a flange projecting from the nnderside of
the pipe

Crecping of the joints may be prevented by stops passing through the tnner ring¥, and

projecting hetween the adjacent enly of the pipes, or by other wieans whicely will gugrrest themselves when
the juints are degignal in detail,

= In the juint sctunlly tested this ving was of cast-ivon,  For the Cootgardic wain it will probably Le of wrought-iron.
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We have next to considter the radial pressurcs tending, wherever the axes of adjoining pipes are not
in a perfectly straight line, 10 ciuse the opening of joints by lateral displacement. At all curves this
tendency should e resisted by abutments (which might be formed with tiwber piles or coucrcte blocks)
cu the outer side of the curves.  The positions and numbers of such abutments will depend upen the
prossures and radii, and will become the subject of future detafl design.

Thete is a further contingency which must not e disregarded,  Straight lengths are scldom quite
straight, and there will nlwaya be a tendeney at certain joints in nominally straight lengths to inove
laterally in one direction or anvther, and this tendency will be rendered 1more or less effective by the
constant movemcuts due to changes of temperature. This enn bo eounteracted by fixing the sleepers
nesrest to the jointa by nicans of short piles, or otherwise s¢ as to prevent motion in & direction transverse
to the line of pipe.

The next poist requiring attention is the fixing of the stop valves and reflux valves.  When such
vitlves are closed, mnd the pressure on one side removed, the unbalaneed pregsure on the other gide will
aften e 5tk and in some vases more than 60 tons, with the Lalility to instantaneous presgures of yreater
amount.  The valves nmst therefore be mtyougly fixed to the geowmd, amd to this end it will be neeessary to
calenlate the possible pressures in ench cise, and to make ample provision accordingly.

The varions precautions we have indicated invelve no complicidion ; bub the arvangements described,
and the expansion joints, must he ewelully considered aud worked out in detail on the drawing board.

Puovizg Tie May nemiva ConsTrucnon.-—We think it desirnble, if possible, to teat the vivetted
mains in scctions during coustruction, otherwise a very large and ulwxpucbc({' delay may wvise in ealking
the lenks when the water is first kuid on.  To facilitate testing, it mnfv Le desivable to keep the erection
of the pumping stutions somewhat in advance of the construction ob the mains, se that water may he
pumperd forwand from any available souvee of supply.

ProrreTing THE Mary rroM Hear.—The actual amount of contraction aud cexpansion will e
largely aficcted by the colow: of the pipes.  They will at ficst have upon them the asphalte coating—
a very poor reflector of heat—and this conting, wnless otherwise protected, will soon dry and become
brittle by exposare to sunshine, and lose those properties which cause it to adhere to the steel,  Bnt wo
ihink that a coating of some kitd must be permanently maintained.  There is nothing cheaper or bettor
than lime-wash, with a proper (roportion of size, It is n good reflector of heat, and will, therefore,
greatly reduece the work to e done by the expansion joints, It will tend to preserve the ivon from ruse
wherever it is properly maintained, and in the climate of Western Austrulin we do not think that such
objections to its wse, as wonld obtain in this country, will be found at all important in comparison with
its advantages, The white-washing of these pipes might be economically done by the compressed air
spraying process now extensively nsed for painting largo surinces.

CONCLUDING REMARKS.

In the course of our investigations, and while recording our conclusions in this and our former
report, we have been impressed from tise to time with the necessity for drawing attention to the large
part. which the treatiment of details st play in the degree of succcss attuined. We lave statwl our
cencluriveg ag to the general arrangement and design of the larger cloments of this remarkable aqueduct,
and have dealt with the principles of construction of certain essentinl details, but there remains o large
anvant of no less importaot work which can only le properly done in the emurze of writing the
apecifications and preparing (he alrawings, sl this work will devalve upon the engineers responsilble fur
the nnilortaking.

In conclusion, we record with satisfiction the fact that caeh step wwking the results of our
deliberations expressea our ubanimous opinion. It was by no means clear that thie would le so at
first ; but, where doubts arose, they were in every ingtance removed by further enquiry and consideration.

We are, Sir,

Your obedient Servants,
JOHN CARRUTHERS.

GEORGE ¥, DEACON.

WILLIAM CAWTHORNE UNWIN.
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APPENDIX A,

EXPERIMENTS CONCERNING THE ENDURANCE OF VULCANIZLED INDIA-RUBBER
EXPANSION JOINTS ON A 12.IKCL PIPE, CONSTRUCTED IN
ACCOLRDANCE WITH DRAWING No. X.

Iu cach experiment there were two fixed lengths of pipe in the sawe straight line, with their
neirest ends 3 feet apart.  The apace between them was fillal by a third pipe, capable of wuvament
axinily to the extent of one hich. The two spaces between the two fixed and the one movable pipe
wore eoverad by ekt iren collarg ; cich collar had two junk rings, butween each of which and the collar an
india-rublar viug was pliced,  'The junk rings were connected by bolts, by weans of whicl the rubber
vould be compressed against the pipes  During the expeviments, the movable pipe was vacked axially
by levers driven by sfeaw, the motion being approxinntely harmonic. The period of each duuble stroke
was three winutes. £ water pressure of 200 lba. per yquare inch  was  maintained  within  the  pipes
throughout the experiments, except when great leakage occurred.  When the apparatus was net at work,
the pressure waa not waintained,

The outer junk rings of ench joint were strutted apare, and ctherwise fixed, so that the
motion was uearly confived to o single ring in each jeint. The two working rings ure distinguished as
A wd B, and the lengths of strokes revorded are the actual wotions of the woving pipe in relation to the
inner junk rings.  Although the outer juuk rings were subject to continuous slight movewents, and the
game rings were used under them from beginmug to end of tha whole eerics of experiments, no leakage
oceurred.

Until leakage ocowrred, there is strong reason to belivve that no sliding of any of the rings took
place, but that they were merely distorted

The waximum pressare required to move the centeal pipe in o § inch stroke, when a joint had
buen tightened up in consequence of lealago with a 15 inch spanner, and was perfeetly watertight, wis
5.2 tons. It is believed that throughout the experiments uo joint, until after Leing tightened up in
congoquendce of leakage, caused half this vesistance to motion,

The accowpunying diagrain shows that the preesurs required was proportional to the travel from
the eentral position in which the rubler was not laterally atrained.

TapLe No, 1. ExrsrmmeNt No. 1, :
JOINT A (iuner ring).

Itacking began at 2.5 p.n. on the 2nd Soptomber, 1897, und ended at 10 a.m. on the Tth September,
1897, having been carried on dunug working hours only.

Aguregate
uumbers of
Condition of Rubber Foint. Numbrrs and lengthy of strokes, "l"“‘:’]]ﬁ;;':':tﬁ: aly Retrarka,
¢lisnge vcerred,
New rubber ving ... — —— Park vuleanized cub-
Ler.  Price 3/6*
Joint working well with no leakage per b,
during ... . “e- +«v | 1,695 doublo strokes of Jin. & —
465 double strokes of % in. Mamnfacturer's
Joint begau to ook at about 2 drops description t~
por minuke at ... — 2,160 “Dr
Leaks gradually iucreasing during.., | 180 double strokes of - in. —
Joint ughtened up. Leak almnost Specific gravity, 1:46
stopped at e e — . 2,340
Leaks gradually inereasing during... 75 doublo strokes of in. —
300 ve " Tlin,
2,070 " " £in.
Rapid leakage. Ling removed for
examination — 4,785

* Al the prices quoted for India-rnbber are sulject to o diseount of about 25 per ceut.




TanLk No. 2.

EXrERIMENT No. 1.

JOINT B (inner ring).

Racking hegan at 2.5 p.m. on the 2nd September, 1897, and ended at LO am. on the Tth September,
1897, hnving heen carried on during working hours only.

Condition of Ruliber Joint.

Nuwmbers sid lengths of strokes.

Aprregate
unbers of
dowlle atrokay wt
wlkith each
change ocsarved.

Remurks.

New rubher ring

Joint working well with no lcaka;.,c
during . . .

Joint hegan to leak at about 2 dmps
per minute at .-

Leaks gradualty i 1ncreasmg dmmg

Joint tightened up, Leaks almost
stnpperl at . .

Leaks gradually i nmrmmmg durmg

Rapid leakage. Ring removed for
exn.mmut.lon . . -

1,695 dounble strokes of }in

720 - . LTI
300 - " hm.
15 . v Lin,

1,185 double strokes of §in.

B70 double strokes of

am

n.

Drab vuleanized rub-
ber, Price 4/6
per Ib

Manufacturer's
description :—

“ Dyaly Derkile™

Specific gravity, 1-63

TaipcLE No. 3. Exexnmext No, 2

JOINT A (inner ring).

Racking began at 2.30 p.m., on the Tth September, 1897, and ended at 2.55 p.m., on the 9th
September, 1847, baving been carried on during working hours only.

Condition of Rubber Joint.

New rubber ring

Joint working well with no leaknge
during

Joint began to leak at about 2 (]rops
per minnte ot ..

Leaks gradually increasing dmmg o

Joints tightened up.  Loakage cmly
qh{,]itlv reduced at

Lenks gradnally increasing dlumg

Lapid Hmk'\bc Ring vemoved for
examination

Numbers annd lengthy of strokes.

Apgregute
wumbera of
double strokes at
which each
chunge vecurred.

Remarks,

1,035 double strokes of $in.

- 865 doublo st;kes of fin....

1,415 double strokes of fin,

J—

1,035
1,900

3,315

Dark vuleanized rub-
ber. Price 6/
per lb,

Manufacturer's
doacription -

A

Specifie geavity, 1-03




TasrLk No. 4,

Exremingnt No. 2.

JOINT B (inner ring).

Racking began at 2.30 p.m. on the 7th September, 1897, and ended at 2.55 p.. on the Oth September, 1897,
having been earried on during working houre ouly.

Conddition ol Jubher Joint,

Numbers and Tengths of strokes.  [4oable strokes at

Agmrvgate
winubers  of

which each
chalge eoeurred,

Rewmarks,

New rubber ring ... e .

Joint working well with ne leakage
duving ...

Joine hegan Lo leak abont 2 dmps !

Jrer minnte at e
Leaks gradually inereasing diiri ing ..
Joiuts ngl:tenul up, Leakaye only

slightly redueed at .
Leaks geadnally inevensing tlul'lng
Rapid leakage. Ring removed for

examination . . -

1,725 double strokes of
180 double strokes of

1,410 duuble strokes of

din. —
1,725

fin, —
1,905

Bin, —_—
3,315

Duark voleanized ruls-
her.  Price 6/6
per

Manufaeturer's
description :—

" A .”

Specific gravity, 1-03

Tanrs No. 5, Mxremwmment No, 3.

JOINT A (inmer ving).

Iucking began ae 7.15 am. on the 10th September, 1807, and ended at 4.0 pni un the 23vd
Seprember, 1897, having been carvied ou during workiug hours only.

Comldition ol Baller Juint.

Numbers and lengthe of atrokes,

Amprregrade
nunlsers of
double strokesat
which cach

New rubber ring ...

Joint working well with uwo leakage
during L., e
Juint began to lenk lL a.bunt 9 dvops

per mlmltc ik

Leaks gradmally increasing duving ...
Sudden inerease in lLﬂk.lbL ton mpld
dropping at . .
Leals gmraclully increasing durd ing ..
Rapid leakage.  ling vemoved  for
examination

13,245 donble strokes of ) lin. —

3,510 double strokes of L Lin, —

. — 16,755
G70 donble strokes of }lin, —
_ 17,425

ehange maarred.

Rewaurks,

Draly vinleanizesd ruh-
Ler, Price 4/6 per
1.

Mannfaetnre’s
deseription :—
o Deab Doeckle”

DPuring this experi.
mentLhe nltswere

not tightetel.

Bpecifie gravivy, 163




Tasle No. 6. Experisent No. 3.

JOINT B (inner ring).

Racking began at 7.15 a.m. on the 10th September, 1897, and ended at 4 p.m. on the 23vd September,
1897, having been enrried on during working hours only.

Condition of Ruller Joint.

Numbers snd lengths of strokes.

Aparepgate
numbars of
ttonlile strokes nt
which vaeh
chorge occwrred.

New rubber ring ...

Joint working well with ne lenkage
durmg .

Joint began to leak at about 2 dropa
per minne at .- . .

Lenks gradually increasing dunnb

Sudden increasa in Iealn&e ton mpul
dropping at .

Leaks graduntly i lncmlsln_t_, dmmg

Rapid leakage. Ring removed for
examination . ‘e -

16,600 donble strokes of Lin.

525 donble strokes of §lin.

100 double strokes of }lin.

Remarks,

Db vuleanized rab-
hor. Price 446
" per b

Manufacinrer's
dlaseription te.
« Dvud Deockle.”
Duving this experi-
ment the bolts were
not tightened

Specifie gravivy, 163

TanLk No. 7.

Racking began at 12,0 a.m. on the 24¢h Sepe.,
it was started again at 12.0 a o, on the 7th Oct.,

Exvkntment No, 4

JOINT A (ivmer ring).

having been carried on during working hours enly.

1897 ; it was stopped at 11.0a.m. on the 25th Sept., 1897,
1897, and ended at £.30 a.m. on the 16th Oet, 1897,

Cuatition of Rabiler Juint,

Numbiers ond lengtls of atrokes.

|
Apuregate
numbers of
double strokes al
which each
elwonge ocveried,

LHemark s,

New rubler ving .., . e

Joint warking well with no leakage
during .

Joine began to leak 1t about 2 llmps
per minute at

Leak grinlually inereased dunng

Joint tightened np aml lenkstopped at

Joint working well with no leakage
dwring .

Lincking ended.  No lcn‘.kagc.

Rillg
removed for examination... .

990 double strokes of Sin....

540 double strokes of £in....

13,050 double strokes of %in.

990
1,630

14,5680

Dark vuleanized rub-
ber,  FPrice 4/6
pee b,

Manufacturer's
description ;--

« Bluek Duckle”

Specifie gravity, 1464




Taprk No. 8. ExXPERIMENT No. 4

Racking began at 12.0 am., on the 24th Seprember, 1897 ;

JOINT B (inuer ring).

it was stopped at 110 a m. on the 35th

Heptember, 1807 ; it was started again at 12.0 0 on I.Im Tth Queober, 1597, and ended at
8.30 a.m. on the 16th October, 1897, having been curied on during working honrs only.

Cundition of Rulbler Joint.

New rubber ving ..

Joint working wcll wilh no leakage
during ..

Joint began to leak ﬁhghl]y (llu
dropping} at e .

Leak gradunlly inereased, “bat dict
not gase dropping during -

Joint tightened nup and lenk 3Lop]|ctl
at . e

Joint working wdl ‘with 1o leak-
age duriig...

Iacking ended. No leakage. Ring
removed for examination

Numbers aned bengt ol strokes.

1.420 donble strokes of $in,

110 double strokes of Sin. ...

13,060 double strokes of -5,

Ajrregate:
nuinlwrs uf
dethte strukes al
which each
change vreurred.

Livniarks.

1
!
!
f

Dark vuleanizediul-
Ler, Price 4/6
per 1h,

Manufacunrer's
deseription ' —

¥ Black Dockle”

Hpecific gravity, 164

Tapre No. 9

ExrerimMenTs Nos. 1,2, 3 & 4,

JOINT A {outer ring).

From bey, inniny to end of the exprriments this joint showed no sign of leakay 176,

{The relative motion of the joint and fixed pipe at this ring was not. intentionally given, but was a conse-
quence of the elasticity of the pavts of Lhe apparatns.)

Rucking hegan

#t 2.5 pm. on the 2ud Sept., and ended ae 10 am. on the 7th Sept., 1597,

o Degan again at 2.30 » Tth " " 256 pm. ,, Mh "
L1 B ” 7 15 ] 10'-'}' T " 1'0 " " 23]’(1 '
" . »  12.0mnoon ,,  24th . » 110 am. » 25ih .
" e o 120, Tth Oct., » 5.30aam. . 16th Oet., 1297,

Having been earrvied on during working hours only.

Cundition of Rubber Joint,

Nuambers and lengths of strokes,

Now mbber ving ...

Joint moving considerably more at
Lop than at bottom during

Jomt refixed Lo reduce movement at
Joint werking during

Itubber ving disturbed for insertion
of new ring on inuer side of joint at
Joint working during

Rubber ving sgain disturbed for in.
sertion of new ring o inner side
of joint at ... .

Juint working duri uq,

Rubber ring wgiin disturbed for in-
sertion of new riug on inner side
of joint at . .

Juint work.nb dul ing

Juint very much tightened for the
Jmrpose of rulllcilng leakage at
nner ying at

Joint movuw more .tl the tnp tlmn
at the bottom dwii ing

Racking ended.  Ling wmovc(l ior
examination . -

Agpreiate
numlera of
double wirokes ot
which juing
wid disturbed,

2,000 doible strokes varying
from u maximum of about
Yai. to a mivimum of
ubont §in.

2,2;}5 double strokes of about
in.

3,315 double strokes of aliout

Jain.

R—

17.425 double strokes wof
abont . Jin.

1,530 doulle strokes of nbont
S

e

13,050 double strokes of
about Jin.

(£

35,624

27,005

10,105

Remnrks,

" Dark vuleanized rub-

her, Price 3/6
pex 1,

Manufacturer's
deseription ; —

I I),"

Thelengths of strokes
as given  are the
approximate mewns
of  the relative
motions  of fixed
pipe and cast-ivon
]uul-: ring at three
points equinngular
from the centre of
the pipe.

Specific gravity, 146




TapLe No, 10.

10

ExrERIMENTS Nos. 1 3 3 & 4,

JOINT B (outer ring).

#rom beyinning to end of the experiments this joint showed no siyn of lenkage.

(The rekative motion of the joint and fixed pipe at this ving was not intentionally given, Lut was a
conscquence of the ehasticity of the parts of the apparntns).

Racking Legan  at 2.5 p.m. on the 2
w  began again 2.34 "

0 n 7] 1] 7-15 " IOth n T 4-0
" . o 12.0noon ,,  24th » »
" " s 3 12.0moon ,,  Tth Oetober, » 8.30

Hiwing been carried on during working

Tth " "

" L

11.0am.

E2] rr

hours only.

9u

nil September, and ended wt 10 a.m. on the Tth September, 1897,
2.55 pm.

a

281 »
25th

16L

h October, 1897,

Concdition of Rubber Joiut.

Numbers and lengthe of strokes.

Agiregate

nwmbers ol
double strokey at
which juint
wus disturbed,

Remarks,

New rmbber ring ...

Joiut moving considerally more at
top than at hottem during

Joint refixed to redhice movement at
Joint working during

Rnbher ving distarbed for insevtion of
niew ring on inner gi<le of joint at
Joint working duving .

Ruliler ring again distibed for in-
sertion of new ring on inner side
of joint at ... ‘o

Joint working during .

Rubber ring aguin distnrbed for in-
sertion of new rihg on inner sitde of
joint at ...

Joint working during

Joint very much tightened for the
purpose of reducing leakage of
inmer ring at

Joint moving more at the top than
at the hicttom during

tacking enled. Ring removed for
examination

2,800 double strokes varying
from a maximnm of abont
Gl oA niinimnm of
alwut. Xin.

2,286 double strokes of about
TS

3,315 donhle strokes of about
1'5-1“.

17,425 double strokes of
abont JYin.

1,530 double strokes of about
'l‘o-iIl. "

13,060 double
abont L jin.

stroltes of

27,035

40,106

Db valeanized ruln
lllcr. Price 46 per
¥

Manufactnrer's
description
U Drab feelile”

The ]cngl.hs of strokes

a6 given are the
:1F] woxinute means
o the relative

motions  of fixed

pipe and cast iron

junk ring at three
roinls equiangular
rom the centre of
the pipe.

Bpecific gravity, 1.65
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ADVERTISEMENT,

The Institution as a body is not responsible either for the statements
made, or for the opinions expressed, in the following pages.

LONDUK, PRINTED BY WILLIAM CLOWES AND S0ES, LIMITED, DUEL STHRRT, ATAMFCAD STREET, oL,
A4 GEFAT WINDMILL dTREET W,

THE INSTITUTION O CIVIL ENGINEELS.

Sect. .—MINTTES OF PROCEEDINGS.

23 March, 19035,
Sir GUILFORD L. MOLESWORTH, K.C.L.E., President,
in the Chair.

(Paper No. 35106.)
“ Coolgardie Water-Supply.”

By Cuaaries Stoarr RusseLt Pacwen, M. Inst. C.E.

Berorg proceeding to describe in this Paper the design and con-
struction of the works undertaken for the water-snpply of the
Coolgardie district of Western Auatralia, it is necessary tc touch
briefly upon the histery and topography of the district.

Since the discovery of the great inland goldfield of Coolgardie
in 1342, the career of the State of Western Australia, which pre-
vioualy had made but slow progress, has besn uniformly successful ;
for the resulting wining populution created a profitable market
for the agricultural and pastoral produce of the well-watered
cuastal country, which wag therefore rapidly settled ou as railway
facilities were afforded. The town of Coolgardie is situated about
350 miles from the west coast and about 250 miles from the south
coast (Fig. 1); and, although along the sea-shore and for a con-
siderable distance inland this part of Australis is well watered,
the portion—say, 300 miles by 250 miles—of the elevated table-
land in the interior of which Coolgardie may be regarded as the
centre is among the driest of the countries of the globe, the rain-
fall baving been as little as 3} inches in a year. Moreover, the
surface soil generally is very porons and eo excessively saline
that, except in rock-holes after rain, reully fresh watural water
is practically unknown, although repeated boring has proved the
existence here and there underground of sinal) quantities of fairly
potable water.

Coolgardie was discovered by pionesrs who had pushed out,
through this inhospitable country, for more than 200 wmiles from
the terminus of the railway: they spread themselves over the
length and breadth of the tableland already mentioned, discovering
additional, though mostly siballer, goldfields. Their settlements,

82




4 PALMER ON COOLGARDIE WATER-SUPPLY. [Minutce of

however, wera widely scattared, and the Government was soon
faced with the serious problem of providing water for man and
benst, not only at the mining-centres but also along the various
tracks thereto. About £100,000 bas been spent on smaller water-
works of every description, the exceeding dryness of the climate
being soon wade manifest by the poor result of each small but
costly work carried out. It was thus proved that for any large
supply of fresh water a source should be searched for clsowhera than
on the surface or in the subsoil of any portion of this tableland
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The serionsness of the problem can be gauged by the usual prices
paid for water in later days. Even after completion of thess smaller
works, the prices were :—23a. per 1,000 gallons when the occasional
raing filled the tanks which formed one class of the works, and
£4 per 1,000 gallons when only water condensed from the ex-
tremely salt fluid obtained in wells and shafte was available.
Yielding to the pressurs of popular opinion, the Governmentspent
several thousand pounds withont result, in a bore-hole more than
3,000 feet deep in solid gramite; various schemes for condensing
on a very large scale, at the salt lakes situated in the goldfields,

Protcedings.]) PALMER ON COOLGARDIE WATER-3UPPLY. D

ware abandoned on proof of the excesaive salinity of the water of
the lakes, the difficulty and cost of obtaining a sufficient supply
of oven this water, and the high price of fuel; and then two pro~
posals for conservation, with sonrees comparati vely near to the gold-
fields, were considered but abandoned, aa the low rainfall rendered
it more than guestionable whather the yield wonld be snfficient.
By & process of elimination, therefors, theve was reachel the
accopted selution of the problem, namely, a source in the Darling
Ranges bordering the well-watered west coast (Fig, 2, IMlace 1),
This scheme had the adiditional advantage that all intermedliate
townships, as well as the adjacent Government railway, could be
supplied from the main conduit, the railway being especinlly
benefited in its course throngh about 250 miles of arid conntry
wherein railway water-snpply wus known to have cost as much
as £60,000 in a siagle year.

Srope and Character of Adepted Srheme.—By the middle of 1895
the Government of Western Australia had decided that some
large comprehensive schemeo wonld be necessary; and, orders for
report and recommendation baving been issued, there were
prepared, under the instructions of the late Mr. C. Y. (¥ Connor,
CM.G. M. Inst. C.E., the Author’s late chief and predecessor
in the position of Engineer-in-Chief of the State, thirty-one
alternative proposals, from which, after study, three were chosen
to be placed befors the Government. The sonrca of snpply in
each case was to be an impounding-reservoir in the Darling
Ranges, whence the water was to be pumped in snccessive lifts
to Mount Burgess, vorth of Coolgardie: thence it was to be
roticulated to the various mining-centres, of which Coolgardie was
one. In Mr. O'Connor’s Report, the three schemes were stated,!
for comparative purposes, to be as follows -

“The reoult of . . . enlculations went to show (se for ateel pipes) that, for
one millivn gallona daily, the eost would be from, say, 70000 to £1.000.000,
(depending upon the gize of Lhe pipe), amt with cout of delivery varying from
Se. G, to Be, dd. per 1.000 guilons: while, fur five million gallons daily, the cost
varied from, eay, £2.200,000 to £2 700,000 (lependiog eimilnrly upon the sizo of
the pipe), with cont uf delivery varying from 3= 34 fo 6. T4 per 1,000 gallone
and that, for tvn millivn gallous daily, the cost varied from, emy, £3.510,000
to £4.600,000 (dependfing similarly on the size of the pipe), with cost of delivery
varying from 39. to 5. per 1,000 pallvoe”

The scheme adopted was for a daily supply of 5 million gallons, at
o probable capital cost of £2,500,000, and a selling-price of 3a. 6d.

! “ Report on l'roposed Water-Rupply (hr Pumping) from Reservoirs in the
Greenmount Rapges,” p. 8. 1oth, 1w
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por 1,000 galloms, after allowing for interest and deprecistion.
The consumption of the water provided by thisscheme, whiol) is grill
in its infancy, has not yet amennted to more than one-fonrth of the
quantity allowed for; and the Author reported to the Governinent,
soon after becoming responsible, that until much greater develop-
mwent of mining occurs, the consumption is not likely to exceed
one-half of that allowed for. It is therefore dne to those origi-
nally responsible to point out that when the proposals wers
inangurated, and, in fact, np to the time when the works were
opened, no information and no anthoritative opinion ontside the
Puablic Works Department conld he oltained as to the proballe con-
sumption ; while, on the other hand, there were the greatest
expectations iu the public mind of more extensive working of
low-grade mines, when comparatively cheap water should le
available. These expectations were not confined to the general
public; for, some donbts having been expressed in Puarliament as
to the probability of so much as 5,000,000 gallons being used daily
on the goldficlds, a well-known firm offered to take that quantity
daily for 20 years at 3s. €d. per 1,000 gallons, provided that
the Government would not compete with them in price. In
Septamber, 1896, Parliament sanctioned the raising of a lean of
£2,500,000 for the comstrnction of & storage-reservoir of about
5,000 million gellons capaecity, a 30-inch line of steel miaino
throughout, and a series of eight pumping-stations, with the
necessary receiving-tanks and distribating-reservoirs.

In Januvary, 1897, a Commission of Ebglish engineers—con-
sisting of Mr. John Carruthers (the Consulting Engipeer for
the State in Londen), Dr, George F. Deacon and Professor W. C.
Unwin—~was appointed to inquire into and make recommendations
as to the kind, thickness and size of pipe to be employed ; whether
it should be placed abuve or below ground; and the numler,
positions and power of the pumping-stations and engines, and the
pumping and break-pressure reservoirs. Mr. O'Connor, who was
then Engineer-in-Chief to the State, personally placed all available
information before the Commission, which issued two reports. In
the first or interim report nine pumping-stations were recom-
monded, as indicated in Figs. 3, Plate 1. In the final report
the Commission submitted an alternative arrangement, with eight
pumping-stations in lieu of nire; and in the adopted scheme the
locations of the pumping-stations differ but slightly from those of
the first eight staticne proposed by the Commission in their interim
Teport: but it was possible to omit the ninth pumping-eiation, as
it was decided to deliver the water into a large servico-reservoir at
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R. L. 1630, near Bulla Bulling (Figs. 4, Plate 1), instead of on a
high hill pear Coolgardie, and to increase the lift at each of the
last fonr stations by such small amount as would enable this to
be accomplished.

A further ailvantage obtained from the appeointment of the
Commission was that fnll knowledge of the proposed scheme wasg
obtaiped by the Consulting Engineer, thus enabling him to give
his advice when sought from time to time, to make recommenda-
tions as to pnmping nud other machirery, and to wndertake
inspection of the material and plant exported to the State.

"The detailed description of the works will be divided under the
following heads : --

I. The storage-reservoir and it¢ catchment-area,

H. The constrnction of the weir,

II1. The pipe-line.

1¥. The pumping-machinery.

VY. The pumping- and service-reservoeirs, reticulation, etc,

VI. Cost of the works,

The following general coutline is given here to facilitate a clearer
understanding of the details.

General Oullines of Srheme—A daily supply of 5,600,000 gallons
was provided for, of which 3.000,000 gallons was for use in the
geldfields, and the balance for waste and consumption en rowfe.
The supply is ohtained from an artificial reservoir, having a
capacity of 4,600 million gallons. From this reservoir the water
is pumped through a steel conduit, 30 inches in diameter, by a
geries of eight pnmping installutions, to the main distributing-
reservoir at Bulla Bnlling, 308 miles from the main storage-
reservoir and 1,200 feet above the lowest outlet-lovel of the latter.
From the Bulla Bunlliog distributing-reservoir the water gravi-
tates for 21 miles to the Coolgardie service-reservoir, and thence
to the Kalgooilie service-reservoir, a further 23} miles, the total
length of the conduit from the supply reservoir being 351} miles
(Figa. 4, Plate 1).

The first pumping-station is located on the right bank of the
Helena River and 631 feet down-stream of the storage-reservoir.
The pumps draw their watcr from a stand-pipe 4 feet in diameter,
which is placed immediately in front of them and is fed by a
30-inch steel maip, which, begifining at the outer valve-house.
passes under the boiler-house before entering the stand-pipe. The
pumps here lift the water a met height of 415 feet, through 1}
mile of pipe, and deliver it into a concrete receiving-tank having
a capacity of 448,000 gullons and a depth of 15 feet of water.
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The pumps at Station No. 2 draw their water from this receiving-
tank, the maximnm suction-lift being 11} feet. amd deliver it
inte & concrete regulating-tank at Baker’s Hill, 224 miles from
Station Ne. 2, the net lift being 340 feet. From the Baker's ITill
regulating-tank, which is 15 feet deep and has a cajavity of
300,000 gallons, the water gravitates to the West Nurtham
rogulating-tank, 12 miles distant. 1This tank is similar in con-
struction to that at Baker's Hill, baving the same ecapacity and
depth. The net fall is 94 feet from Baker’s Hill to West Northam,
whence the water gravitates to the Cunderdin reservoir, a further
41 miles, thus making a total length of 75} miles between
Stations 2 and 3. The Cunderdin reservoir has an available
capncity of 1¢ million gallons. No. 3 pumping-station is located
about 4 mile from this reservoir, and the pumps draw their
water from s stand-pipe, similarly to these at No. 1. The section
between Stations Nes. 3 and 4 is 62§ miles in length, the net
lift at No. 3 being 215 feet. The water ia delivered into
a circular concrete tank at No. 4, having a capacity of 1 million
gallons and a depth of 13 feet. From Station No. 4 the water is
liftad a net height of 333 feet, and delivered through a section
32% miles long into a rectangular concrete receiving-tank 20 feet
deep, with a capacity of t million gallons. At Stations Nos. 3, 6,
7 and 8, the arrangements are similar to those at Station Ne. 4,
and the receiving-tanks at Nos. 6, 7 and 8 are similar in design to
that of No. 5, having also the same capacity and depth. The pet
lifts at Stations Nos, 5, 6, 7 and 8 are respectively 32 feet,
106 fest, 56 feet and 183 feet, and the corresponding lengths of
section 40 miles, 31} miles, 45 miles and 12} miles. From
Station No. 8 the water is delivered into a main service-reservoir
at Bulla Bulling, of 12 million gallons capacity, Thence the
water gravitates to Coolgardie, and from Coclgardie to Kalgoorlie.
These towns are provided with circular concrete service-reservoirs,
that at Coolgardie having a capacity of 1 million gallons and that
at Kalgoorlie of 2 million gallons,

Early in 1898 the first work on the scheme, namely, constrnetion
of the braach line of railway to the weir, was put in hand, and
was completed in the following August. In April of the same
year, excavation for the foundutions of the weir was started;
vongreting was begun in February, 1000, the first pumnping took
place in April, 1902, and the weir and subsidiary works were
practically finished in April, 1903, Contracts for the pipes were
let in October, 1893, and for the pumps in March, 10, The
excavation of the pipe-trench was begun in March, 1900, The
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laying and jninting of the pipes was begun in March, 1901 ; abont
91 wiles were completed that year and the remaining 260 miles
(inclnding the extension to Kalgoorlie) in 1902. The water
reacheld Kalgoorlie in the middle of January, 1903, and the works
were forwally opened on the 2¢th of that month. The whole
period of construetion had thus been less than 5 years, although
it wus pecessary to import all material for construction of the
pipes, cement, vilves and specials, lead for jointing, pnmping-
machinery, the ironwork in the weir, and much other material.

I.—Tut STorsGE-RESELVOLR.

When the scheme wag first propounded, and, in fact, until shertly
before the construction of the weir was hegum, there were no
river-gangings available : consequently, in judging of the probable
inflow into a reservoir, it was necessary to base calculations on
resnlts obtained im other countries. About 8,000 square miles of
the Darling Ranges having been examined, and thirteen possible
pites surveyed in a preliminary manner, it waa finally decided to
place the reservoir at Mundaring on the Helena River, where the
cost of construction per million gallons of storage would be least.
Fig. 2, Plate 1, shows the ecatcliment-area and tha rainfall-records
available: and notwithstanding that the catchwent-area is 369
square miles in extent, it was decided to provide storage sufficient
to meet 2 years’ demand and loss.

On the face of it this wasan excessive allowance, especially when
it is considered that to 1l this large reservuir there is required an off-
flow of what would usnally be considered a very small fraction—
only 3 per cent.—of a rainfall of 184 inches, which is less than the
average of the minimum yearly preeipitation at Mundaring and
York. Bnt the country in which the upper reaches of the Helena
Riverare situated is formed of crystalline rocks, generally covered
over large areas by fermginons conglomerate, aud, in a measure, by
loamy sand, which in places extouds to u depth of 20 to 30 feet
below the surface. The conglomerate and sands generally overlio
kaolinized graunite, which, in turn, merges into solid granite. In
the vicinity of the weir, the rock is more exposed, the country is
less flat, and the ranges are better detinel. The whole of the water-
ghed is thickly timbered with jarrah, red gom and wandoo, the
jurrah predominating on the lower, and the wandoo oun the upper
reaches. DBesides thin heavy timber, the conntry is closely
coversd with an undergrowth of © blackboys ” and uther scrubby
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plarnts. _The actual yield from the catchment-area, therefors, is
shown in the following Table, which gives the discharge of the
Helepa River since ganging was undertaken.

Discnance oF HELExA Riven at WemR-SiTe

_! Ntll?ill'::‘l:l:::il:lfa‘lflurk. Ligchurze. facie ;:;r.if::tml;jlrge |,u
l}‘se;r?. ! ;‘Ihg 1 M:l]iur&?;ﬂum. I'r“rrt:‘:ln.
1858 | 30-76 ! 3,802 1-50
1899 | 2717 : 1,857 053
1900 5 33-95 : 9,622 350
1901 ’ 250 - 1,401 0-69
1902 ! 19°3 323 020

Not ounly are these figures very low, but the ratio of the discharge
to the rainfall varies considerably more than does the rainfall. The
small results ag a whole can be accounted for partly by the absorp-
tive naturs of thesoil of much of the catchment-area, therein diffor-
ing from the catchment-arens usnally available in other countries,
and partly by the fact that the rain is precipitated very nnfavonr-
ably : for although the annual fall,in the vicinity of the reservoir
for instance, averages about 37 inches, it is spread over a period
extending from about May to November, inclusive. During
some months, it rains nearly every day; but only on very rare
occasions does the fall exceed 1 inch in 24 hours, the average being
less thao } inch, generally in light intermittent showers. The
result is that the main waterconrses do wot begin to flow until
10 to 12 inches of rain have fallen, and they stop almost im-
mediately the rainy season ends. The rainfall for the year
1902 may be taken as typical of the rainfall generally. During
that year the total rainfall, as recorded at the Helena woir,
amounted to 27} inches, the total number of rainy days being 81 ;

. f.2., the average precipitation per rainy day was only 0+34 inch,

The maximum rainfall in any one day was 1-41 inch.

The unuswal variations in the yield are due, in the Author's
opinion, to twp other causes, whose effects in new countries whaore
records are scanty require much experionce and consideration for
their correct estimation. The first is that the rainfalls of York and
Mundaring, which are all that are available, require to be greatly
discounted, owing to a rapid rise of the country for several
mile_s inland from Mundaring, and then a fall to the tableland of
the interior; and it is therefore probable that the rainfall on the
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reverse slope of the Darling Ranges, and on mnch of the tableland
adjoining, 19 less even than that at York. The second canse is that on
the rableland, where the raiufall is smaller and the country is wore
gheorptive than on the ranges, a large and more or less definite
amount should be deducted from the ruinfall hefore any estimate
of the off-low can be made. This opinion is supported by
Tables T. and IL in the Appendix (p. 50). Table L contains
the results of gaugings at two points lower dowun the same
river as that on which the reservoir is sitnated, with, for the
sake of contrast, the results obtanined from the catchment of a
gelocted portion of the inland conntry which is adjacent to that
which draing into the Helena. It also gives the results of gaug-
ing the Canning River at a spot where, although the catchment
includes a larger proportion of quick-shedding ground than in
the case of the Helens at Mundaring, the result, by no means
apparent at first, is that the average yield of the total catch-
ment is batter than that of the Helena, although only half the
gize. Moreover, after the exceedingly low yield of 1102, the
Author had weirs constrneted across the several streams enter-
ihg the reservoir-basin, and the results of gaugings are given
in Table II. These resnlts show conclusively the preat conserva-
iive care necessary in dealing with questions of this kind im
countries so dry asare parts of Australia, and they also justify the
abnormal storage provided in the present case.

It was early evident that much of thisdifficulty would be obriated
by placing the weir lower down the river (Figs. 2, Flate 1), and
thus including a larger proportion of quick-shedding catchment.
This, however, wonld have given a worse reservoir-site (i.c., less
imponnding-capacity for the same expenditure), and would have
eutailed extra expense, Loth capital and annual, on account of the
greuter pnmping-life; the site higher up-strearn was therefore
adhered to. The startling resulis of 1902, however, coull not be fore-
seon; and as,iu the Author’s opinion, the available records of rainfull
(Table I1L, p. 51) render it more than doubtful whether, when the
full estimated daily consumption is reached,even the 2 years'storage-
capacity will be sufficient to tide over bad seasons, the respousilility
was incurred by him of recommending any necessary additions to the
works. It was not considered advisable to raise the reservoir-wall
—although it is strong enough to bear someadditional static pressure
—sinee the diagram of capacities (Fig. 5) shows that the limit of
economy of the site has already been reached ; and it has therefore
been recommended that so soon ag the demand warrants that coursa,
catch-water drains should be extended into the well-watered and
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quick-shedding country draining into the Helena below the present
weoir. By this means, for an expenditure of about £45,000 (only T4
per cent. of the total cost of the schems), enough extra catchmont-
area could be included to ensure a yield from the present reservoir
of 6} millicn gallons daily-~say 50 per cent. more than what is
now a certainty.

Evaporation and Losa from Regervoir.—As will be explained
later, the site of the weir was so badly fissnred, and the lasin
of the reserveir so extensively crossed by basaltio dykes, that
compotent geological authorities beliaved tlat extensive stopping
with concrete might be necessary. It was a matter of great in-
terest, therefore, to ascertain what loss, if any, from the resecvoir
might result from this fractured condition ; for it was decided that,
oxecept as regards the fissure across the site of the dam, ne precan-
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tionary measures should be taken in the first instance. Datween the
1st November, 1931, and the 28th February, 1102, no water at all
was drawn, and a favourable ppportunity for testing the probahle
annual loss was thus afforded. The results are shown in Table
IV. ot the Appendix, and, as the total ioss is at the rate of only 4} feot
of depth per annum—which is not much more than the evaporation
alone sbould amount to—the danger of building where similar basalt
dykes oceur can be seen to be not excessive. The point is one of
the greatest intereat in Weslern Australia, not only Lecanse the
lacation generally of the sireams in tha ranges seems to have baen
determined by the greater eass with which these hasaltic dykes
have heen disintegrated and eroded, but also becanse practicully
the ounly site available for the reservoir of the ultimate gravita-
tivn schemwo for the West Australion metropolitan area, lately
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reported on by the Author, is even meore fissured than that at
Mundaring.

Quality of the Water.—Except in a fow tracts where salts have Leen
lenched out of the soil by heavy rainfall, oven the surface waters
of Western Anstralia generally, although soft, contaln a comn-
paratively large ameunt of dissolved iineral maiter, chiefly
coamon salt. High cllerine resnlts have therefore tu be expected
on analysis, and this test of possible contamination of the sonrces
of supply, whatever its value elsewhere, is inapplicable ; but as
the catchment is so large, and as much of the area was alienated
befors the scheme was inaugurated, and would cost an excessive
sum to buy back, 2 small amount of habitation on the catchment
is inevitable. Moreover, excopt in these small patches, the land
is covered with forest and serub; and, with a small ratio of off-
flow, the decaying vegetable matter would be expevted to result
in high ammonia figures on analysis of the water. Although this
would in itself be barmloss, it was recognized that the presence of
the dissolved organic matter might be accompanied, on oecasion,
by dangerous bacterin of decomposition; and, as filtering befora
delivery is not included in the scheme, it was determined to
institute periodical amalyses in the first instance, and, later on, to
malke also regnlar bacterial examinations. The results of analyses
made in February, May, October, and December, 1903, are given
in Tables V.—VII[. of the Appewlix, and disclose the fact that,
owing apparently to anaerobic action in the pipes between the
storage-reservoir and Coolgardie there is a marked improvement
in the quality of the water.

Disposal of Surplus Flood-Waters.—Althongh when the scheme
was inaugurated there were no gaugings by which the probabla
total inflow into the reservoir from year to year counld be arrived
at with certainty, there was ample evidence to show that the
Helena and other streams similarly sitnated were liable to
heavy floods; and as at the sito chosen for the weir the valley
through which the Ilelena runs converges abruptly, beingin fact a
deep gorge flanked on both sides by high hills, the width at the bed
of the river being only 15 feot, and at 100 feet above the bed 730 feet
only from solid rock to solid roclt, the usual method of disposing of
flovd-waters, namely, by means of a by-wash, was precluded by
its cost. 1t was therefore decided to pass all floods over the wair-
crest, notwithstanding that caleulation showed that for safety as
much as 5 fest in depth over the wheole length of the weir wonld
have to be allowed for. Although, so far as the Author is aware,
the weir is the highest overflow-weir in existence, this depth was
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Dot considered excessive, because no debris whatever is brought down
in floods, which, even when of the heaviest, conlil not be of very long
duration. Tndeed, the whole flow of the river lasts less than half
the year al most, so that sufficient time is aBorded for repairing any
damage done to the weir-face and footings. In order to facilitate
the descent of the water, the profile of the weir-crest was approxi-
mated to a parabola,and the form of the curve follows very closely
that of the Holycke Dam, in the United States, which was deter-
mined by experiment, The reservoir overflowed for the first time
during the rainy season of 1903, and, for about 2 weeks, 6 inches of
water flowed over the crest without doing any damage to the wall.!
The water clung perfectly to the whole wall-face while descending.
The same result is not to be expected when the depth over the
crest is much greater ; but obviously some departure of the deeper
flowing water from the wall would not matter much. The down-
stream face of the dam is broken by three guide-walls which
prevent any scour at its foot by the spill-water, which would
otherwise have run along the toe; and where the wall is highest,
a spill-water basin or water-cushion has been provided, from
which a wide channel, excavated in the river-bed and lined with
stone, carries all flood-water rapidly away clesr of the dam and of
the pumping-station below it

The loss by evaporation and percolation has proved to be very
small, and the overflow and draw-off arrangements of the reservoir
bave worked most satisfactorily.

II.— Co¥sTRUCTION OF THE W EIR.

The weir was built to the section shown in Figs. #, Plate 1, the
governing factors of the design being that the maximum pressure
on any portion of the wall should not exceed 8 tons per square
foot, and that the centres of pressure should be well witkin the
middle third, both with the reservoir empty and when § feot of
water was flowing over the crest.

Preliméinary Works.—The reservoir and the first puaping-station
are situated at the bottom of a deep valley some miles from the
nearest railway, and as all material, except stone for the concrete
of which the weir was built, had to¢ be brought from a distance, the
first work put in hand was the construction of a tram-line, to the
standard railway-gauge of the State, starting from Mundaring

! The Autbor hes heard since the sbove was written that 1 foot 8 inches in
depth of water passed over the crest in the beginning of Angust, 1904,
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station on the existing line of railway. The next question was the
provision, at a comparatively waterless spot, of a permanent supply
of water fit for the use of the many men to be employed, as well
as for the works. The reqnirements were met by coustrnoting, in
the bed of the future reservoir and abont 9 chains above the weir-
wall, & temporary conerete dam impounding about 20 million
gallons, and by forming, from the by-wash with which this small
reservoir was provided, a chaonel capable of carrying away 100
million gallons per diem. The channel was formed for the most
part of open cut, but a timber flume carried the flood-waters across
the weir-site.

Foundatiims,—(enerally speaking, the conntry at the reservoir
site is very rocky, consisting largely of nndecomposed granite,
traversed by intrusive busaltic dykes whose direction is mostly
at right-angles to the conrse of the river. At the site of ths wair,
howaver, the granite showed out particularly clsarly, and the fow
trial-shafts, put down where the rock was shattered, reached
solid granite at no great depth, the deepest of the shafts being
only 20 feet deep from the ground-surface. On opening up the
foundations, however, it was discovered that the rock was mothing
like as solid as surfuce indications and trial-pits promised; for on
the right bank a large portion of what at first appeared to be
bed-rock was found to consist of an immense boulder with a large
cavity below it; and under the bed of the river the granite was
very badly fissured over the full width of the foundations. It
was not possible to vary the site, as the disruption was found
to extand both up- and down-stream for a considerable distance:
and there was no alternative but to follow the fissure down, which
was done until adepth of 90 feet below river-bed was reached. At
this level the filling material in the fissure was found to be s0
compact that it was but slightly eroded by a jet of water dis-
charged under a pressure of 230 lbs. per square inch. It having
been seen that the fissure had a northern underlay, a vertical boring
was now made on the north lLank of the river, which cul the
fissure at about 165 fest below river-bed, and was continued for a
further depth of 42 feet. The bore was then filled with water,
and the materisl in the fault was subjected to a hydrostatic pres-
sure equivalent to a head of 690 feet, which was maintained for
4 hours, during which time the foot- and hanging walle of the
fissure, and the line of fissure 2t the hottom of the excavations,
were all carefully examined; but no signs of moisture could
be detected. It was concluded that the material in the fissure,
at the depth which the oxcavations had then attained, was
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impervious to water, and that it would therefore be safe to erect
the weir thereon, :

Where the wall would be highest, that is, where the fissure
oconrred in the foundations, the excavations were carried down
about 135 feet from the building-line in a vertical direction on
the up-stream face; but as one of the basaltic dykes crosses
the valley a short distance away on the down-stream side, it was
considered necessary to remove the whole of the material between
the banging wall of the dyke and what would otherwise have
been the toe of the weir, The concrete filling of foundations
was carried up to bed-level on the np-stream face, but on the lower
side the mass filling was stopped 18 feet below bed-level and the
wall proper was begum to the designed section. The granite
beds, or floors, were deeply chaged in longitudival rows about 6
feot wide and 3 feet deep, and the toe of the wall-batter, where it
met the granite floor, was channelled the whole length to key the
concrete in.

The great ireqnality in the depth of the foundations, and their
apparent doubtfulness for a work of this magnitude, bave not
appreciably affected the weir; for although very fine vertical
lines, such as invariably occur in the concrete lining of service-
réservoirs in hot countries, bave made their appearance bere, they
have not extended, and any slight sweate have taken np.

Drawing-off and Scouring Arraigements-~The reservoir is pro-
vided with two valve-towers constructed of concrete. The inner
tower (Fig. 7, Plate 1), situated on the reserveir side of the
weir, was built into, and concurrently with, the main wall, being
approzimately semi-circular in section. Tho outer valve-tower
{Figs. 8 and ¢, Plate 2}is rectangular in section, and is situated
175 fest down-stream from the centre of the weir-wall, being con-
nected therewith by a viaduet, which carrieg the outlet- and scour-
pipes, all solidly bedded in concrete, as far ont as the outer valve-
house. Ingress to the inner valve-tower iz obtained by means of
& steel gangway running over the crest of the weir, and sup-
ported thereon by granpite ¢ut-water piers 52 feel apart between
gentres.

Provision is made for drawing water from the reservoir at three
different lavels, namely, at 25} feet, 53 feot and 80 feet below full-
supply level, by meang of 24-inch cast-iren bell-mounthed pipes,
passing through the valve-tower wall into a cast-iron stand-post.
Each draw-off inlet is provided with a stop-valve placed in the
valve-chamber, from which valve-rods are carried up to bevel-
geared headstocks, all placed on the upper valve-tower floor, which
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is 1 foot 9 inches above maximum flood-water level of the
Teservoir.

Over each inlet are placed screens which can be removed for
cleaning by means of chains worked by winches carried on sn
outer platform rumning round the valve-tower, and supported
thersfrom by brackets. Two 24-inch cast-iron spigot-and-fancet
outlet-pipes pass from the stand-post, at 80 feet below full-supply
level, through the weir-wall to the outer valve-tower. Iach
outlet is provided with a stop-valve in the imner valve-tower,
and these are rogulated similarly to the valves on the reservoir-
inlets.

A 30-inch scour-pipe, leading from a fore-bay 90 feet below full-
supply level, runs through the inner valve-tower, and throngh the
weir-wall into the outer valve-tower. It is provided with a stop-
valve in the inner tower, which is worked by a worm-geared head-
stock placed on the upper flocr. From the outer valve-tower the
scour passes into the river, where it has its discharge. Doth the
outlet-pipes and the scour-pipe are provided with valves in the
ounter valve-tower, which will be bronght into use only in the
avent of accidents to the regulating-valves in the inner valve-
tower., Any waler soaking through the wall of the inner valve-
tower is led into a sump, whence it can be lifted into the scour-
pipe by means of a water-¢jector, supplied with pressure-water
from the lowest inlet. At the ounter valve-tower, the two 2.L.inch
outlet-pipes junction into a 30-inch pipe, which runs to the stand-
pipe in front of the engines at No. 1 station.

The details of all the ironwork mnsed in the constructien of the
weir were drawn out in the State, and all ironwork was obtained
from Great Dritain. It speaks well beth for the accuracy
displayed in the preparation of the drawings, and for the care
exercised in the manufacture of the various appliances, that when
being grouped together as the work progressed, all parts fitted
correctly into their respective places, without any alteration what-
ever.

The site of the reservoir, about 800 acres in extent, was
grubbed and cleared, and all fallen timber and decaying vegetablo
matter was taken out of the river-bed and burped; later on the
suckers and scrub were again cut down and burned. Abent
20,000 acres of the lower catchmeont-area was ring-barked with the
object of increasing the inflow.

A concrete-lined spill-water lasin, about 150 feet long by 100
feat wile, is constructed in the bed of the river, at the toe of the
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wall, with a depth of water of about 10 fest. The water is
confined by a mound across the river-bed constructed of rubble
faced with concrete.

The excavations for the fonndations were begun in Mny,
1898, and on their completion in January, 1900, the building of
the wall was started, and was carried on both day and night until
complstion in June, 1902, an electric-lighting plant and eight
arc-lamps placed at pointa of vantage affording ample light for
operations by night.

Oement and Comerele—In the construction of the weir-wall
76,413 casks of coment were used, and a farther 1,000 in the
spill-water basin and other subsidiary works, or a total of 77,508
casks, of which 19,767 casks were of German mannfacture and
the balanco British. The German cement was chiefly used in
filling the deep excavations made in sinking on the fault in the
bed of the river.

The length of the average passago by steamer from London to
Fremantle was more than 6 weeks, and by sailing vessel 90 to
100 days; and as on arrival in the State the cement was received
into storage-sheds where it lay at least 1 month, but generally
for a longer period, during which time tests were made preliminary
to its despatch for use, the cement had some chance of losing
any *freshness” which it might bave had when first placed in
casks, and needed comparatively little slaking. A cement which
did not demand much slaking before use was especinlly necessary
in connection with the smaller scattered works of the scheme, distri-
buted a3 they wera over 350 miles, and mostly in country whose dry
atmosphers would not tend to satisfactory, or, at any rate, speedy,
slaking. In these smaller works, the cement, having passed the
nocessary tests, was used direct from the casks, because to sloke and
then repack it would have entailed incommensurate expendi-
ture; but ai the weir provision was made for slaking fully all
cement requiring it.

The tests, which were of an exhaustive character,! were directed
not only towards determining the qualities of each batch of cement,
but also to so ascertaining those qualities that after elight treat-
ment in the State parcels which seemed at first to be doubtful
might be used without hesitation. Situated, as the works were,
at such & distance from the source of supply, this was essen-

¥ In the year 1902 alone over 9,000 briquettes were made, not only for im-
mediute ase, but aleo to be broken for comparison, 3 months sod 6 months
and I, 2, and 3 years after making.
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tial. Taken altogether, the cements received wera very satis-
factory, and as the long-date tests Dbocome due, and the
samples are examined and the briquettes hbroken, the resnlts
confirm the good qualities adjudged after the shorter tests. In
all, ninety-two complete analyses were made, of which those in
Table IX, (p. 54) may be accepted as average results. The specific
gravity varied between 3:05 and 313. On the whole, the
cement used was exceptionally well ground, that received towards
the completion of the works being even finer than the earlier
consignments. After the works were legun, a special set of bulk
tests was carried ont. Several casks of the different brands were
sampled, and 25 lbs. of each brand was carefully pussed throngh
sieves with a mesh of 14,400 holes per square inch, The residues

Weére—
Germoneement . . . . . . . . . T-0pereent
Englishcement . . . . . . 12270t 13-40 , ,,

The tests of tensile strength ranged from the usual 3-day and
7-day hot- and cold-bath to 28-day cold-bath tests, a teserve of
briquettes being often retained from the various batches for long-
date tests. As a rale the results were very good, even when, fresh
from the cask, the coment was subjectod to the hot-water treat-
ment. The hot bath was utilized to determine the necessity for
slaking, it being found that z cement which showed a falling-off
from the ¢cold-bath results, when treated for a similar period in hot
water, generally headed the cold-bath records after being fairly
slaked : and there are numerous series of tests showing satisfactory
increase in tensile strength at varicus dates up to 12 months.
Cements, however, which showed a tendency to fall off in strength
in hot water bad to give undeniably good results after the requisite
periods of slaking, before being despatched to the works,

One feature in the relative rise in temperature on hydration
of slaked and unslaked cement is worthy of notice, On several
occasions samples faken straight from the casks showed a com-
paratively small rise in temperature, yet the same cement, after
exposure to the air, registered a considerablerizse. For the purposes
of closer examination a long series of experiments was made with
the same shipment of cement air-slaked nunder three different
conditions, namely:—

(1) Under the corrugated-iron roof of a shed.

(2) Under the wouden ficor of the same Luikling, spread in thin
layors on a large tarpaulio and turned over daily; ard

{3) Under the same floor, but placed in a box coverod with wet

. 1)
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bags, passages for currents of air being loft between the cement and
the bags, which were wetted and turned daily. The maximam
rise in temperature is shown im Fig. 10, Plate 2. It is difficalt to
assign reasons for these results, but Table X. in the Appendix,
obtained from long-date tests of this same consignment, eghows
gatisfactory increase of strength.

The effect of slaking on snbsequent sxpansion was also the
subject of a long seriesof tests, Ordinary glass test-tubes, 6 inches
by 1 inch, were filled with stiff grout,and placed in cold-water baths
after the cemcnt had set. The tubes nsually cracked after 3 days
or more when flled with fresh cement, showing a high rise of
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temperature on hydration; but as slaking proceeded, so did the
energy of the cement decrease. Further, there was apparently
renowed aclivity after months of quiescence, tubes being cracked
althongh the cement core itself remained lard apnd sound and,
8o far as the eye could detect, absolutely unbarmed.

The raceiving- and slaking-shed for the cement (Fig. 1) was
built at the temporary end of the tram-line, that is, adjacent to its
crossing of the weir-site, the upper floor of the shed being
at the same level as that of the railway-wagons. The sterage-
capacity of the shed was 2,000 casks, and one-half of this quantity
was taken by the slaking-tables, arranged on a falling gradient
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go that ono tipped on to the next and so on, until the coment
arrived at a shoot leading on to the trucks, which comveyed it to
the mixing-shed. A large portion of the cement, however, did
not require special air-slaking. This, after baving been put
through a fine-meshed sieve, passell duwn a shoot to the concrete-
mixer without lLeing placed on the slaking-tables, Below the
cement-shed, on the same level as the quarry-road, the stone-
crushing plant was erected. It cousisted of & No. 4 Gates erusher
capable of dealing with 20 eunbic yards of granito per hour, and
driven by a 25-HP. Robey engine. In tho same shed, but below
the crusher, wag situated the concrets-mixer, portable and sclf-
contained, of the rotating-barrel type, mechanically fed with
cement, stone and sand in the proper proportivus, and capable of
mixing 20 cubic yards of concrete per hour. All this machinery,
from the cement-shed to the delivery end of the concrete-mixer
barrel, was designed so that every operation which could be
effected with advantage, or could be helped, by gravity, was so
arranged ; and the whole proved very satisfactory in working.

Except about 1,000 cubic yards of sharp, coarse-grained sand
obtaiped from the river about 1 mile below the weir-site, the
whole of the sand was brought from either Lion Mill or Bays-
water, distant 8 miles and 22 miles respectively, by railway.
That from the former was of gquartz, and very fine-grained,
yielding even and good results in the testing-roon. The quarry,
however, required heavy stripping of mould, and the sand itself
roquired screening and thorough washing, to cleanse it from
vegetable and earthy matters. This entailed the erection of 2
sand-washing plant. The sand from Bayswater was of a much
batter class, and reqnired but light washing to free it from all
earthy material.

About 30,000 cubic yards of spalls, for crushing to concrete size,
were selected from the material obtained in the excavation of the
fvundations. For the plums and the balance of the spalls
required, a quarry was opened on the north bank of the strcam,
below the weir, and about 70 feet aboves river-hed.

The weir and all accessories were built of concrete, but in the
former, large rough pgranite blocks, just as quarried, were intro-
duced into the concrete. It was originally intended to build
the wall with 50 per cent. of these large blocks; but withont
proper plant, which was not available, handling would have been
very expiensive. The concrcte consisted of 5 parts by measurement
of granite crushed to 2}-inch gauge, 2 parts of cleaned sand and 1
part of Portland cement.  So long as the wall remained below the
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level of the mixing-house, the mixture was conveyed to the work on
an endless conveyor working in a trough, with travelling boarls
securad by ropes and spaced 2 feet apart, thus ensuring that the
lieavier aggreate was not separated froim the matrix on the way.
Later, the coucrete was conveyel on a trolley-line in skips, to a
large derrick-erane, which lilted the skips on to temporary
tram-lines on the growing wull: they were then pushed liy
hand to a travelling steam-crane which lifted each skip in a
bridle, overturned, emptied, and returned it to its carriage.  Tho
concrete was spread and rammad by hand, the various layers
heing broken up so fur as the wilth of walt would allow, in order
to break bond in both beds aud joints; and in addition, the large
rough blocks, up to 2 enbic yarls in volunie, were deposited and
thoroughly bedded and grouted, in order to key the bedding-planes
together.

For the first 10 feet the batter was lined and the concrete
retained by rubble masonry, but above this level wooden
framing was snbstituted. This framing was of Oregon pine, and
consisted of uprights 9 inches by 3 inches, and 15 feet long, cut to
the sweop of the wall section, spaced 3 feet apart and closely lined
on the wall face with 12-inch by 4-inch Oregon hoards. TFor the
first fow feet upwards, the studs were held in position by shores,
but later they were bored for l-inch Lolts about 18 imches long,
at vertical intervals of 3 feet. Each bolt was fitted with an
8-inch by 3-inch by J-inch iron screwed washer-plate, which was
built into the concrete, and remained there after the bolts were
withdrawn and the holes grouted. Each vertical stud was lap-
jointed and bolted to the suecceeding one, the lap being sufficient
to allow of two bolt-bolds in the conecrete before the lower
boards were removed. No cross stays or ties were used across
the wall, and the front and back framings were independent.
The wprights were aligned thronghout with a theodolite, the
heads of each section being cut off to therequired lovel and fixed to
the width of wall corresponding with that level, with an allowance
for ontward pressure of the wet concrete. Rendering of the face
was not desired or found necessary, as great care was taken, when
depositing the wet concrete in contact with the moulding-boards,
to keep all stone well back with straight spades, and a good
finished face resulted om stripping. The valve-tower and viaduct,
which were carried up with the main wall, were similarly built
between moulding-boards, the frames inside and out being formedl
of upright studs, cross sille} and lagged with 4-inch by 1l-inch
tongued and grooved Oregun boards tixed vertically.
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IIT.--Tur Dire-Lise.

The perints oo which the Commission of English engincers were
asked to advise wero, us regards pipes and main gauerally—

() “*Whether the pipes should Lo laid in a trench and covered
in, or left cxposed to view,”

(b) " Whether it would le safe to rivet np the whole line of
pipes, or whethor joints, to ullow for contruction and expansion, are
necessury; the kind of joint most suitalle, should they bLe
necessary.”

{¢) * Material anl method of wmanufacture of pipes, whether
welded or riveted, and whether welding and riveting shall be
square or spiral.”  The use of cast iron being prokibited by
the cost and the difficulty of freight both by sea and by lund,
the Commissioners were not to take it into account.

(ff} “The diameter aud thickness of pipes, and method of
protecting.”

As regards (a), the Commissioners were informed that there
were possibly deleterions salts in the soil of a larga part of the
district through which the agueduct would pass; and, for this
reason, and also in order to aveid pressore om the empty pipes,
to save the expense of trenching, and especially to facilitate detec-
tion and snppression of leakage, they recommended that the pipes
should be liid above ground, uncovered, with expansion-joints.

The Commissiou recommended that the pipe should Le of steel
thronghont, supported on bolsters, and riveted up in lengths of
about 110 feet, with expanston-joints at these intervals, and anchor
Joints midwuy, fixed to masses of concrete or piles, in order to
provent the pipes from creeping. The minimum thickness was
fixed at % inch; and the pijres were to be longitudinally riveted
where the pressure was such that ihe thickness of shell for riveted

[ Nuber of Lengthe of Pipe.

| 25 feet long with interpal diam-tor
271 feot Jong with plates §inch thick . 31 lchws pt larger end and reduced

s uf internul diswer.r, st rmpadler end wecunding w0 tiuck nesy
Closs ot Plgee. t ! of plates to form teleeouple hrint,
26 Incheo. 27k Enchen. 29 Inches. Orl'.;";:;’“h Oflsi;il:-ch Orl':f‘;:': el
| ;
Welded . .| 5,592 | 4,508 | 5,710 i - "
Riveted . . .- oL bo2s4es| 19,730} 3,257
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pipe was pot required to be greater than } inch, and welded for
all higher pressures: with a minimum thickness of } inch.

Tenders for the pipes were accordingly invited from Australia,
Furope and Americs, the quantities specified for baing as shown in
the Table on p. 2. Tenderera were at the same time invited to
submit alternative prices for any other kind of pipe which they
desired to put forward. The lowest of the tenders received were
as follows, the prices being for delivery in the Colony at a point
22 miles inland :—

Lowest Tenders receiveld in

Clans of Pipe. l - -
Enrope. | Anarralia,

. . | £ ‘ £
Riveted pipea . . . . . . . . . 182,708 | 682,827

Welded .. . . . . . . . . .1 472,600 ’ "
Locking-bar pipes in licu of welded pipes . : . : 230,868
Totsl . . , . .: 1,256,308 ] 922,695

The locking-bar pipe, for which alternative tenders wera
received, had been considered by the Commission and favourably
commented on, but was not recommended for so large a scheme,
because proof of its successful manufacture and wse on any con-
siderable scale was not then available. Subsequently, however,
und befors receipt of the tenders, 10 miles of main, 23} inches
in diameter, had been laid in South Aunstralia. It had been found
that pipes made from f-inch plate and fresh from the closing-
machine would withstanda pressure of 400 Ibs. per square inch—or
nearly twice what would be allewed continuously in practice on
pipes of this thickness of plato—without a weep; and, moreover,
all pipes which did not stand the test conld be passed back to the
closing-machine to be reclosed, instead of being subjected to the
usual caulking-processes so injuricus generally to the plates and
jointiogs. Practical use on a fair length of main also showsd
that the jointing could be successfully accomplished, thus leaving
only questions of comparative cost and comparative usefulness
1o be considered in deciding whether the new pipe should or
should not be used in place of welded and riveted pipes.

Tuking first the Australian prices for locking-bar pipes and
contrasting them with those for welded pipes, the saving is seen
to be very marked, being within a few pounds of 50 per cent.
Moreover, the price of locking-bar pipes was but little more than
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that of riveted pipes. The lowest tenderers were therefure asked
1o consider the matter again, and they quoted prives for the
locking-bar pipes which contrasted as follows with those received
for the riveled pipes:—

"]'1“';:‘:::‘;1;: Ttivited Pipe. Laking-Rar Pipe,
Ineh. F ; FN T
) 12 12 0 1316 0
E i 18 5 0 :- 515 0
& 2 36 2 00

Making a deduction of {; inch from the thickness of the plate
to ullow for corrosion aund contingencies, and assumiog a safe
working-pressnre of 7} tons per squarse inch of net section of metal,
the safe head of water on pipes of these thicknesses, and 30 inches
in diameter, i3 shown by the following Table :—

Thickness Safe Working-Hend,
of Metal  |—
in ipe. i Rivetad Pipe, : Welded Pipe.
Inch, Feet, i Feet,
4 220 373
F 3 340 485
£ 438 647

The locking-bar pips being as strong as welded pipe, it would
be possible to effect considerable economy by using +-inch and
}-inch locking-bar pipes, in placs, respectively, of the }.inch and
fr-inch riveted pipes which had been specified originally;
but it was recognized in the State, when pipes of so small a
thickness as % inch were included in those to be tendered for,
that great care would be required in bandling them, in order to
prevent damage; and one result of the faveurably low tenders
was that a minimum thickness of } inch was provided thronghout,
thus greatly increasing the probable life of the main in the very
portions where the soil is worst, and the variations in tempera-
turs greatest. Moreover, by having one thickness and one dianeter
throughout, the contractors wore induced to make & further
reduction of 52 per pipe, so that the whols length of main was
laid with pipes 30 inches in diamater, thus effectiny some saving
in the capital cost of the pumps, a8 well as in the cost of pumping.
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Summing np the position, the results of adopting locking-
bar‘pipes and 2 uniform diameter throughont are these:—Tho
section of the ground traversed by the pipe-line is snch that,
copsidered purely from the point of view of obtaining mibimum
pressures on the main thronghout, it wonld be advisable to vary
the diametors and thus nse np superfluous head; but the variation
of pressure with a nniform diameter could not bhe large if
the pumping-stations were suitably located, and this stight dis-
advantage wus considered to be more than counterbalanced by the
rodu?tion in the cost of the pipes and the ther advantagesattending
a u'nlform, and to some extent larger, main. Moreover, the substi-
tution of locking-lar for welded pipe, effected a saving of no less
th'an 50 per cent. of the cost of the latter; and,althongh, as conipared
mth_the riveted pipes tendered for, the locking-bar pipses eventually
provided cost 114 per cent. more, on the other hand, the latter were
consid.?red superior in several ways, Their frictional resistance,
according to older accepted formulas, was less in the ratio of
2:5:3+1, a difference of 25 per cent. ; and the probable damage in
handling }-inch in liew of -inch plate pipes wonld be less, and the
probable life of the pipes wonld be much longer: for the actual
thickness required for safe working being about as 2 of locking-
hartt! 8 of riveted pipe the substitution of }-inch plate locking-
bar pipe for f;-inch riveted pipe meant a provision of 3% inch of
plata. in place of ,}; for corrosion and damage ; and the substitution
of }.-mch locking-bar pipe for }-inch riveted meant a provision of
;’:,- inch for corrosion in place of % inch in the case of the riveted
Pipe, a difference, therefore, of 133 to 233 per cent,

A.? the adoption of locking-bar pipes obviated the seriews and
continuous loss of water which was to be anticipated from a pipe
baving multitudinous rivet-holes, the question was cousilered
whether the soils in which the pipe would have to be laid wonld
tend to shorten its life, and if so, to what extent. As slready
m?ntiorted, the nataral water obtainable on the guldfields is highly
mineralized ; moreover, it often contains free acids. Therefors thin
unprotected pipes in contact with this water conld not have any
lengthy life—a conclusion which experience has confirmed; but
careful analysis of the soils along the pipe-track (Table X1.)
showed that, where mining-operations did not entail distribution
of such water on to the soil in which the pipes might be buried,
this soil has been so much leached as to have lost many of its
harmful properties, except, of course, in the salt-impregnated beds
of the so-called “lakes.” It was decided, therefore, that in the
latter situation the pipes should be laid on trestles above ground,
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but covered with a low roof of zalvanized iron; and that in the
remainder of the section they should be buried, thns obviating
any necessity for oxpansion-joints and permitting, in fact, tho use
of ordinary lead jointing.

The Conting.—In determining the composition of the coating to
be nsedd, wide oxtremes of temperaturoe hud to be allowed for. The
fierce and continuons heat of the goldfields sunumer, when the
temperature in the sun attains 150" to 173" F,, is sufficient to render
even block asphalt plastic. On the other hand, the frosts of winter
would injuriously affect toc hard a coating; amd, moreover, as
experiments showed, the extreme dryness of the soil at certain
seasonsg, together with the heat, would very likely cause some loss of
sssential oils. As the result of a lnrge number of tests of mixtures,
made both at the pipe-works and at the head office, the couting
used consisted of one part of asphalt and ome part of coal-tar
applied as described later, and freely sprinkled with sand while
still hot and soft, to reduee the risk of the coating runniog
when exposed in hot weather. No doubt the latter objeci econld
have been attained by more boiling, but the harder coating-mixture
would have been brittle and more liable to flake off the pipes.
Even the coating used ran to some extent when exposed for many
days to the hot san; bat all exposure of metal, owing to this and
other damage, was systematically made good just before the pipes
were buried. 'The inside of the pipes was similarly coated —except,
of course, that mo sand was applied; but, as the water passing
through is soft, although containing 20 grains of solids per gallon,
and as vegetable acids are absent, much corrosion of the interior
surface is not anticipated: and where the pipes have been emptied
and opened 12 months after water started te pass comtinuonsly
throngh them, the interior has appeared to be as ¢lean and ygood
a8 when they were first laid.

Joints,—A simple sleeve joint (Figs. 12) was adopted, the ring
being 8 inches wide, and 4 inch larger internally than the pipe
externally, to allow for slight variations in the ring, and to permit
of the use of lead filling throughout. For working-heads of 320
feot and less, the section of ring used was as shown in Fig. 13, the
weight being 126 1bs. ; but for heads of more than 320 feet a stronger
form was used, as shown in Fig, 14, the weight per ring being
160 Ibs, The finished jointing bas proved very effective, the loss
through leakage being swall. From the pipes alone, on Sections
1-5, it wag found to be 343 gallous per mile per diem. From the
whole length of 295 miles between the storage-teservoir at Mun-
daring and the last pumping-station it was found to be 480 gallons
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per mile par diew, over 10 months’ working. This figure includes
losses due 1o evaporatiun and percolation from nine pumping and

Figy. 12,
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fiolds, it was resolved that from Northam eastward the pipes
should be laid parallel with the railway and at a distanco of
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45 foet therefrom: thus gnining the great advantages of easy
carriage and, subsequently, of easy supply of water to the ruil-
way : but batween the wair and Northam the railway wasdeviated
from, in order to shorten the distance, and also for the purpose of
traversing higher conntryand thus reducing the pressureon the pipe.

Figs, 15 show the cross section of the pipe-trench and covering
adopted. Where salt lakes or their beds occur, the main is
carried on timber trestles, the pipes being surrounded by an
insulation of saw-dust, which is kept in place by galvanized
corrngated iron. This arrangement has been quite snceessful, no
movements at the joints baving taken place. Across the Aven
River the pips is dnplicated, sunk beneath the bed of the river, and
smbedded in conerete. At railway- and road- crossings, the pipe is
also protected by & shield of concrete,

At intervals of about 5 miles, stop-valves (Figs, 16) are inserted,
the diameter of the nmain being reduced by cast-steel reducing-
pieces to 21 inches. Where long rising gradients oceur, reflux-
valves are placed, the pipe being similarly reduced. Scour-velves
are provided where raquired at both stop-valves and reflnx-valves.
The stop-valves are actuated by slow-motion gearing, and, on
gections where the water-hammer was likely to e considerable,
small by-passes were intreduced, and so controlled that the water
was bronght to rest very slowly. Air-valves of the Glenfield
pattern were placed atall summits, 4 nest of three being placed
at the highest points, & nest of two at intermediate points, and a
single valve at the lowest points. These valves are of the double
type, provision being made for a large escape of air when charging
the main, while air accumulating in the pipe is antomatically dis-
charged. This automatic discharge, instead of being obtained by
varying the diameter of the ball, is effected by variation in the
diameter of the orifice in the nipple. DBy this arrangement the
nipple-orifices for the high points, where the pressure is light but
where larger volumes of air accnmulate, are of the largest dia-
meter, and consequently atford the maximum provision for the
discharge of air.

Manufacture of the Pipes—Figa. I2 show the section of the pipe
used, the dimensions varying according to the head. A pipe conaists
of two plates, each of the full length of the pipe and each bent to a
semicircle. The edges are burred or beaded to the shape of a dove-
tail, and are inserted in the open jaws of heavy longitudinal lars,
which are subsequently closed cold on to tho edges of the plates,
thus forming longitudinal dovetail joints. The steel used in beth
Dlates and bars was open-hearth basic steel with a specified tensilo
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Fige, 13,
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strength at first of not less than 25 tons, or more than 29 tons, per
square inch. Experience gained in the manufacture of the pipes,
however, showed that steel of this quality was somewhat too hard
for the bars, which, owing to the cold working, failed under test by
the bursting of the jaws before the plates were ruptured. It was
aleo found that when bars weighing 6} Ibs. and 73 bs. per lineal font
ware used, respectively, with }-inch and {3,-inch plates, the bars
failed before developing tha full strength of the plate; conse-
quently, the respective weights of the bars were increased to
7 lbs. and 8} lbs, per lineal foot, the steel in the bars being of a
tensile strength of between 22 tons and 26 tons per square inch.
From cach week’s output of pipes at the works pieces were cut and
tested to destruction. The results are given in Table XII.

The pipes were made in Western Australia from imported plates
and bars. Of the former, one-half were brought from Germany,
and the balance from America; but all the bars (and the joint-
rings) were obtained from England. The plates, which were a trifle
over 28 fest long by 4 feet wide, were first passed through hori-
zontal rollers, three above and three below, for the purpose of
takiog out all kinks and rendering the plates perfectly straight.
They wero then cut square and to the exact length of 28 feet.
The planing and dovetailing machine next cut them to the exact
width, and then burred the edges by means of rollers to form the
beading for the dovetail joint. The plates next passed throngh a
longitudinal press wherein both edges were given the required
curvaturs, thus avoiding any necessity for the beading or dovetail
being passed between and damaged in the curving-rollers to which
the plates were now brought, to be bent into semicircles in the
usual way, On completion of this process most of the scale bad
been loosened and detached, and the plates, having beon thoroughly
¢leansed of all remaining seule and rust, were ready to be formed
into pipes. One semi-circular plate was now placed in a row of
half eircular cramps, resting on seats, and a locking-bar was fitted
over each edge. Another sewi-circnlar plate was then inverted
and lowered until its edges rested in the upper grooves of the
locking-bars. The upper halves of the cramps were then placed
over the top of the pipe and connected to the bottom halves, and the
plates were brought firmly home into the grooves of the locking-
bars by tightening the cramps with cotter-pins.  The pipe in its
encireling cramps was then conveyed to a bydraulie elosing-machine
eapable of developing a pressure of about 1,200 tons, wherein the
locking-bars were pressed on to the plates, completing the manu-
facture of the pipe. The whole of thic operativns were perfonindd
without Lieating plates or bars,
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Each pipe, before being passed, was subjected to a hydraulie
pressure of 400 lbs. per sqnare inch. The closing of the locking-
bars was so effectual that only a small percentage of tho pipes
wers found to sweat at the bars, These were returned to the
elosing-machine and re-pressed, and this wne found to stop tho
awenting effectually. About fifty pipes failed altogether in the
joint under this test.

After being tested and passed, the pipes were coated. They
wero first heated to o tewmperature of 300° F. and then placed in a
bath consisting of a solution of ordinary gas-tar and Trinidad
asphalt, in the proportions already stated (p. 27), and kept at the
boiling-point. On being lifted from the bath the pipes were ullowed
to drain for about 2 minute, and were then revolved in a machina
whils a jet of cold air was forced through thew, for the purpose of
ensuring that the coating should set in o uniform thickness.
When it had cooled considerably, and just before sctting, a
sprinkling of sand was thrown over the outside of the pipe and
gently pressed into the coating by means of rollers,

After all initial difficulties common to new methods of manufac-
ture had been overcome, the pipes were turned out finished at the
rate of 150 to 160 per diem from two factories, each of which
worked two shifts of 3 hours each. '

Two puints required special attention in the construction and
use of this pipa. The first was that the jaws of the locking-bar
shonld be pressed well howe om to the
plates, no caulking of the joint being per-

mitted at the manufactory. Unless this
was very carefully done, water would enter
at the onds and work along the pipe at B .. o simang sLates
in Figs. 17, until soms exit wag reached. 9FFORE CLESING OF BAR
Examination of the pipe, and slight caulk- B
ing at the ends befora plucing in trenches,
disposed of such cases of opening of joints
as were caused in a comparatively light cocuns-eah aso riavcs
pipe by bandling and exposure after despatch
frem the mapufactory. The second point also related to the
necessity for clusely pressing home the locking-bar, as caulking
was not possible at the puints marked A: the difficulty was

overcoms by catting or ehipping away the portions markel A.

Conreying, Distributing and Unlvading Pipes.—The whole of the
pipes had to be conveyed on the trucks of a single-line Tailway
of 3-foot 6-inch guuge. Most of thom were laidl alougside this
line, but those which had to be taken across country where the

[THE 1NsT. C.E. VOL. CLXIL] L

Figs. 17.
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pipe-line deviated from the railway were conveyed from stations or
sidings on specially constructed varriages. The pipes had to be
distributed from the trains very ouickly. so that the ordinary
traffic on a fairly hard-worked railway would not be interfered with.
The railway-wagons being each shorter than a pipe-length, two
bogie-trucks wera firmly coupled, thus giving a clear floor-length
of 30 feet, and the pipes were pluced thereon in three tiers. Tbhe
bottom three pipes were kept in position on the trucks by means
of chocks with removable gib-bolts, and three recessed bolsters,
euch placed across and over the bottum tier of pipes, curried the
seconil layer, also of three pipes, which, in turn, were held in
position by means of chocks and gib-bolts siwilar to those used for
the Lottom tier. In the recesses of the second layer of pipes a
third tier of two pipes was placed. A truck-load therefore
consisted of eight pipes,and the trucks were sent forward in traius
of sleven to thirteen.

The unloading contingent of men, consisting of four gangs who,
up to the arrival of the truin, had been engaged on the excavation
of the pipe-trench, then took charge. Each of these gangs cou-
sisted of six men, including a leading hand who controlled the
gang's operations. Each gaog bhad generally three trucks to
unload, and when the truin consisted of an odd nnmber of trucks,
the extra truck was allotted to the gang first getting to
work. The average time occupied in umloading, from the time
the loaded train left the siding until it returned thereto with the
empties, was about 1 hour and 20 minutes, but the unloading was
frequently done in less thun 1 hour. During the remainder of
the day the unloading gangs were kept at work on the excavation
of the pipe-trench, sections of which had been left for this purpose.
This system worked admirably, there being considerable rivalry
between the various unloading gungs, and the general railway-
traffic was oot interrupted.

Jointe.— As the whole length of main is of uniform diameter,
the possibility of using machinery in place of hand-caulking of
the lead joint was considered at an early stage. Careful trial at
headquarters of joints caulked by hand and by a machine
devised by a local firm, demonstrated that, whereas the machine-
made joints when subjectod to hydranlic pressure attaining 400 lbs.
per squars inch rewmained quite water-tight, on the other hLand,
slight sweats and pin-synirts manifested tlhemselvea in the Launil-
made trial joints submitted to the same test. As a 30-inch pipe of
Linch plate springs somewhat, even under the impact of a very
light Llow from the caulking-bawmer, it is sowewbat diflicalt
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get hand-caulkers to finish a joint water-tizht; moreover, in
practies, men working in constrained positions for long hours, in
manholes nnder the pipe-joints, cannot be expected to do uniformly
good work. On the other hand, the machine caulking can be done
by pressure applied uniformly on both sides of tlie juint-ring, and
quite 23 uniformly ou the lower as on the upper side of the pipe.
Machine caunlking was therefore decided on, with the good resunlts
in freedom from leakage already stated.

The canlking-machinery consisted of a portable oil-engine of the
ppoutaneons-ignition type, built in Anstralia, and of about 53k B.HD,
The underframe of the engine also carried a dynamo which was
belt-driven off the engine fly-wheel. The current was transmitted
through a cable { mile in length, so that about } mile of pipe
could be caulked before moving the gemerating-plant to a fresh
position. The cable was coiled on a dram carried on the after

Fig. 20,
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part of the transport also carrying the canlking-machine, and a
Plug contact was used for connecting cable and motor, 50 as to permit
of anhampered coiling and uncoiling of the cable on the drum, The
caulking-machine (Figs. 18 and 19, Plate 2) was in two halves, one
fitting over and the other under the joints of the main, and on the
top half of the outer frame wag carried the electric motor (of 2 HP.)
which was belt-connected to a shaft, and by means of intermediate
gearing worked the rims holding the canlking-tools (Fig. 20).
These rims or racks were gnided by small, hardened stoel rollers,
grooved on the oater cirenmferences of the racks, but plain on the
inner circumference. Into jaws on the racks were slipped the
caulking-tools, two in each rack, one operating on the upper half of
the joint and the other on the lower half, i.e., on the underside of
the pipe.

The caulking-machine was mounted on a transport on which it

nz
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was carried along the top of the pipe, from joint to joint, the lower
half of the machine being slung on the trapsport side Ly side
with the upper half, On arrival at a fresh joint the lower
half was lified off, placed over the joint, and slid round it
to the underside; the upper half was then lowered, and the
two balves were fastened together, racks were clipped and the
tools placed in position, the plug-connection bstween drum and
motor was made, and the machine was started, the caulking-tools
working round the pipe backwards and forwards until the lead
was pressad home. The nimmber of semi-revelutions found naces-
gary ranged from five, whers the caulking-rollers were § inch
thick, to seven, where y;-inch or 3-inch rollers had to be used
to meot the varying distance between the imner surface of the
joint-ring and the outer surface of the pips. Ou completion of the
caulking these tools were replaced by lknives, which cut off the
fillet in the last semi-revelution, bringing the racks back to their
original position, and thus permitting the machine to be dis-
mantled and moved to the next joint. When once fairly started,
the operations wers carried on without bitches, and the machinery
of all descriptions, including motors aud dynamoes, worked well,
notwithstanding that it was usually working in a cloud of dust
due to the proximity of the trench-filling operations.

Eoch installation required three men (one a mechanic) for the
working and transport of the caulking-machine, one man for the
engine and dynamo, and two hand-caulkers, whose special function
was to caulk at the locking-bars, whose projections prevented ihe
rollers from working right round the pipe. Inaddition there were
charges for parts of the timo of mechanics and others whose duty it
was to keep the electrical and other machinery in repair. The
whole immediate cost of an installation per diem amounted to
£5 1s. 4d.; and as the average day’s work when the initial diffienl-
ties had been overcoms was thirty-one joints, the cost per joint was
3s. 3d., ot 1a less than hand-canlked joints were actnally costing.
In addition, the saving in the average size of manhole necessary
was 1} cubic yards; and these two savings counterbalanced the
whole cost, including the patent-rights of the machinery, There
is no doubt that, with the experience gained, machine-caulking
could be rendered cheaper than hand-caulking, especially for a
circular pipe without projections; but the objeet in this case was
to obtain uniform and certain work, and this was attained without
extra cost.

Exvavation of the Trench.—The surface formation of the country
traversed is very irregular. On the plains, ironstone conglowerate
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predominates, but never extends continuously for more than a few
chains at a stretch, being broken by bunds of sand, diorite, snd
granite. In the fimbercd belts, sandy olay is the nsual surfuco
goil, but with outcrops of granite, diorite, and schist interspersed.
Where at all possible, the material to be taken out wus loosened by
means of ploughs, each drawn by four horsas harnessed in single
&lo in the line of trench, and working to any depth required;
but the bulk of the trench was taken out by manual labour,and it
wag necessary to use explosives on more than one-fourth of the
total material removed. Where the materinl could be moved
without the use of explosives, it was found that the most
economica] depth of treach, with due regard to cost of obtaining
cover-material, was about 3 feet 3 inches. Where the country was
harder, the trench was taken out to a less depth, the principle
kept in view being that the cost of the trench, added to the cost of
cover, should be a minimnm. Occasionally, the contour of the
ground would not admit of economical grading in combipation
with proper aligninent for the pipes, and, in such cases, cost was
subordinated to the more important consideration of easy align-
ment of the main, 'The excavation of the trench was kept well
ahend of pipe-distribution, laying and jointing, but in order
to provide cuntinuons work for the gangs on these latter opera-
tions, should any hitches oceur in thearrival of materials, sections
of trench were loft unsxcavated at intervals.

Laying and Jointing Pipes and Filling in Trenehes.—The work was
divided into sections of about 1+ miles each, to be dealt with by
one canlking-installation, and when the work was completed the
whole gang went forward to the next available section. YWhen
the works were brought into full swing, seven ruch gangs were
at work on several sections; aud, the class of work performed
by each being identical, there was considerable rivalry between
the parties. DBad work, dune to haste, was prevented, however, by
the appointment of an inspeetor on ench saction, who reporf:etl
directly to the head office and was responsible only for the quality
and not for the cost of the work, thus placing these departmental
operations on the same fouting as those of a contractor. The rate
of progress during the last 3 wonths, before approuching comyple-
tion caused disbanding, was, per day of 8 working-hours of seven
gongs, 13 mile of laying, jointing, and complete 6lling-in of
trenches. The zppliances in use by each ganyg consisted of two
pipe-lowering trestles, four skids, one pipe-cxjauder, one lead-
melter ( Figs. 21} and retainer, and the eugine aud caulking-plant.
The lead-running gave great trouble until the leud-melter wau
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GevEaan ARBANGEMENT oF Leap-Msevrer
The sequence of the various operations was caref ully regulated.

ﬁ'oremost were the men repairing the coating in the parts
amaged during unloading or transportation, or where it had
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hecome defective owing to exposure for & considorablo time to the
intense sumumer heat: and in the smune set were tho pipe-serapers
and locking-bar chippers, who chipped or scraped off the coating at
sach end of a pipe for a distance of about & inches, to ensure good
fead-running. Next came men cutting manholes, a little ahend of
those laying the pipes in the trench, and following these came
the ring-setters, who werlged up the joint-ring to such gange as
would give a lead joint of mniform thickness. In suceession were
the lead-rnnuers, whose work was, when jrossitle, kept at least
forty or fifty joints ahead of the canlking-machine, especially in
winter, as showery and cold weather alfected the quality of the
lead-running: thus stoppage in such weather, or defective work
which hud to be remedied, il not deluy the canlking-operations.
Followipg on were the hand-caulkers, who canlked the joint at
the locking-bar and for a distance of about + iuches on each side of
it. The best results were obtained not by allowing the hand-
caulking to finish abruptly, but by tapering wp to tlie unecanlked
portion ; by this means the machine rollers were able to work by
degrees well back on to the haud-caulked portion ; with an abrupt
finish of the hand-eanlked portion, the machine rollers were liable
to race and cause breakages. This racing conld of course have
been avoided by extra care on the men’s part, but at expewsditure
of unnecessary time, to save which would have entailed tha danger
of the rollers not being brought far enongh along, thus leaving the
joint imperfectly canlked at the junetion of hand and machine
work. After the hand-caulkers came thie machine, and as each
joint was finished the joimt-inspector exawined it; pipes wers
covered to adepth of at least 12 inches as soon us the inspector had
passed a joint and it had been tarred, so that the partial filling-in
was only two or three joints at most behind the machine. The
completion of the lling-in and the formation of the covering hank
was always 400 yards or moro behind the nachine.

Charging the Muin—By the 13th April, 1902, the works wera
sufficiently far advanced to cnablo pumping to he commeunced with
ooe of the engines at No. 1 station.  Notrouble was experienced in
gotting the engines nnder way ; in fact, practically no hitch what-
ever occurred at any of the sight pumpiny-stations, and after once
starting at any station the mnchinery wasio condition tu be worked,
and was worked, wheaever desirable, By the 22nd April the water
had reached the Cunderdin Reservoir, at mile 77. Four months
now elapsed before the laying and jointing of the next section
was completed, and it was not till the 22nd Angust, 1902,
that the water reached the Merredin receiving-tank at mile
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140. Some little tronble was experienced in charcing this
section, through the joints leaking, due mostly to t?)e subsi-
dence of the pipes laid across the bad ground in the bed of the
Mortlock River and adjacent soft country. It was thromgh leak-
age of some of the joints on this section that what may be deseribed
ag ¢ sand cuts™ were first experienced. They were caused by tho
joint action of the escaping water and the falling sandy covering,
p!a.ying together on a small portion of the outer surface of the
pipe. This action is somewhat similar to that of the sand-blast
and, under favourable conditions, one of the thin pipes used cou]ti
be cut through in 4 to ¢ hours. Fortunately, only six cases of
the kind have bLeen experienced so far. If discovered early
the placin{,\: of an encircling banl on the pipe (such bands:
were kept in readiness) met the difficulty; but if the plate of
which the pipe was made had a hole entirely or nearly cut through
a length of the main had to be emptied and the damaged pipe Wa.;
replaced. To guard against occurrences of this nature, the npper
halves of the lead joints were subsequently kept uncovered for
some little time in country of a sandy nature, and where the main
is under a head of 30 feet or more. The water reached the
Coolgardie service-reservoir, at mile 328, on the 22nd December
1902, and, finally, the Kalgoorlie service-reservoir, on the 16!:];
January, 1803, about 8 months after the charging of the main was
started. The pumping was restricted to an amount sufficient
to fill about 12 to 15 wmiles of main per day, and, at this rate
of 'charging, no trouble from air-pocketing was experienced, it
bemg' fonnd that the air-valves had sufficient discharging-
capacity to pass the volume of displaced and escaping ai:.
The whole or part of the main bas now been conveying water
for nea..rly 2} years without 8 burst baving resulted either in
the main or in the valves or other specials: the oculy occasions
on which it has been necessary to empty any portion of the main
have been when the “sand cuts ” have occurred.

IV.—Tue Poyrme-Aaclixery.

Frictional Besistance of Dipes~It was originally caleulated that
fc.»r a discharge cf 5 million gallons per diem through 30-inch riveted
pipes the frictional resistance per mile would be equivalent to a
hn%ad of 4 feet, which was obtained by applying Kutter's formula
with a coefficient of roughness of 0-015, o figure deduced from the
measursd frictional resistance of the 48-inch riveted pipe of the
East Jersey {U.S.) Water Company. But the change to a much
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smoother pipo allowed of o considerably reduced provision. The
Commission of English engineors had proposed 2 frictional allow-
ance of 2+5 feet per mile for welled pipe; but, in view of the
class of water to be dealt with, this allowance was increased by
20 per cent.; and as it was furiber determinel to inorgase the
daily quantity to 5,600,000 galluns, the ultimate allowance was
raised to 8-7G feet per mile. On completion of the works, two
tests, each of 12 hours' duration, were made, one over 22 miles and
the other over 12 miles of pipe, the results on reduction showing
an aversge resistance equal to 2:23 feot per mile fur s discharge
of 5,000,000 gallons per diem, or 2'8 feet for 5,400,000 gallons.
These results, being for clean pipes, are considerably less than the
ultimate estimates; and this was foreseen, for reference o PFig, 4,
Plate I, shows that the main was laid to an even less fall than 23
feet per mile, in order to save unnecessary present pumping.

The total ultimate friction-head for the whole distance from
the weir to the main service-reservoir at mile 307k of the
aqueduct, calculated at 3-76 feet per mile, amounts to 1,156 feet,
and the patural Jift to 1,200 feet; and the aggregate loss at
geven pumping-stations for reservoir provision being 122 feet,
the total head to be provided for is 2,568 feet: but elevated
ground between pumping-stations Nos, 2 and 3 made it necessary
to Taise water 87 feet higher than if the slope had been gradual,
thus making the total bead to be pumped against 2,655 feet.

The great advisability of keeping the machinery to uniform
size and pattern finally determined that the pumping-stations,
eight in number, should provide for a total lift, including friction,
of 2,700 fest—or 45 feet more than was absolutely pecessary
—namely, 450 feet at the first four stations, and 22§ feet at
the last four. ‘The waste head thus amounts to o trifle less than
17 percont. Moreover,in regard to tho advisability of nniformity,
it was further decided that the first four stations should be fitted
with three groups of machinery, any two of which should be
capable of performing the required work; and that the last four
stations shoull similarly be fitted with two groups, each capable
of lifting the full quantity per diem. The power necessary had
thus to be the same in every group, namely, 263 effective HI., but
to allow for deterioration and contingencies the pumping power
contracted for was nearly 303} IID., or about 14} per cent. extra.

T'he requirements and provisions may be summed up thus :—

u,

Effcctive horse-power neceseary » . . . . o« SJ4UD
. " provided for work . . . A2
ns Teserve . . . 4,420

L) L tr
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Tfenders for the necessary pnmping-machinery were invited in
April, 1899, makers being permitted to sabmit alternatives as in
th_e case of the pipes. In the resnlt a contract was entered into
with Messrs. Janes Simpscn and Co., in March, 1906, for twenty
groups of machinery at an aggregate cost of £241,750, excluding
gpares, but inclnding erection. A detailed description of the
machinery is outside the scope of this Paper, which, however
would be incomplete without the following brief account and
results of tests. |

Description of AMachinery,—The pumping-plant consists throngh-
ont of almost identical sets, the only difference Leing that in the
first i:our stations the pnmp-plungers are 15 inches in diameter,
working against a specified head of 450 feet, while in the second
four stations the dismeter is 21 inches and the head 225 feet.
'I:l:e engines are horizontal, six-cylinder, high-duty, triple-expan-
slun, surface-condensing engines of the Worthington dnplex, direct-
acting type, the diameters of the high-, intermediate- and low-
pressure cylinders being respectively 16 inches, 25 inches and 46
mches:, the normal stroke of the pnmp-plungers 36 inches, and
the piston-speed 150 feet per mioute. The pump-plungers are
axterna!ly and centrally packed, and directly connected with the
steam-pistons. The pump-valves are of stamped bronze. The
steam-cylinders are jacketed throughout on heads and barrels with
steam at boiler-pressure, and the steam is re-beated on its passage
both from the high-pressure to the intermediate-pressure, and
from the intermediate-pressure to the low-pressure cylinders. The
re-heater fnbes which draw their steam from the cylinder-jackets
ate placed low, thus being the means of drainage for both
cyllt}ders and jackets. The steam-distribution is controlled by
Corliss valves, placed in the cylinder-heads, and the cnt-off in
sll cylinders is adjustable by hand while the engines are runuing.
Frow the air-pump the condensed steam passes through an exhanzt
hea.ter Placed in the exhaust steam-main to the condenser, and is
delivered into an elevated feed-tank in place of the ordinary liot-
well. _From this tank the water gravitates to a Webster heater
and-ml-separalor where it is further heated by admixtnre with
the jacket-condensation and with the exhanst from the Loiler feed-
pump. From the heater the feed-water ia pumped by a Worthing-
ton feed-pump through the economizer back to the boilers. Steam
is s‘upplied by a nest of Babcock-Wilcox water-tube boilers, each
dem‘gned‘to supply the nevessary quantity for one engine, and
h_avmg eighty-one tulies 18 feet long apnd 4 inches in diameter, &
single drum 23 feet 7 inches long and 4 fect in dinweter, with a
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superheatcr placed betwcen water-tubes and drnm. A Green
economizer is provided for each installation, The chimmey-stacks
are of steel, 5 feet in diameter; those at the first two stutions are
130 feot high, at the third and fourth stations 100 feot, and at the
Jast four stations 90 feet.

At six of the pumping-stations, reserveirs 15 to 20 feet deep
have been provided adjucent to the machinery, to reccive the
discharge from the main and to furnish a store for the pnmps to
draw from; and ip order to reduce suction lift and facilitate
pumping, the centre line of the pnump-plungers lias been kept
below the top of the reservoir by about 3 feet. At stations Nos. 1
and 3, however, special arrangements were necessary. At No. 1
the pumps, if comnectad directly with the main from the large
storage-reservoir, would have beon subjected to a head of about
100 feet when this reservoir was fnll; and at No. 3, where there i3
3 mile of main between the large reserve reservoir and the pumyps,
the latter might have suffered from an undesirable hammer. The
dificulty was overcome at each place by the provision of a stand-
pipe open above, from which, as from a reservoir, the pumps druw.

Figs. 22, Plate 3, show the general arrangement of the machinery
at stations Nos. 1 to 4, and Figs. 23 at the remaining fonr. The
stations are brick buildings with corrugated iron yoofs. The
engines and pumps rest on granite bed-stones supported Ly brick
piers restiug in turn on a concrete floor. The pamp-ends are
bolted down to the bed-stones, but the cylinder-ends are allowed
to move freely on expansion-rollers, The greatest care was taken
in the laying of the foundations, only the best available material
being used; and so far there has not been the slightest perceptible
movement in the foundations of any of the twenty groups of
machinery. The lower floors of the engine-rooms are of concrets
rendered with cement mortar, and the upper or workicg floors are
of jarrah timber resting on steel joists. The floors of the boiler-
rooms are of concrete.

Effiviency of the Mackinery.—The tests provided for by the contract
were three, namely, (a) for the duty of the whole machinery under
present conditions, that is, head low owing to clean pipes and new
boilers worked to full pressure; (1) for the duty of the engines
and pumps with steam at fnll pressure but the pipes throttled
to obtain ultimate estimated hoad; and (r} for the capacity
of the pumps with the pipes throttled and the boilers worked at
25 lbs. per square inch below present full pressure. Tests of the
machinery of 12 hours’ duration, at two stations to be selected by
the engineer, were provided for, and the duty stipulated for was
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in test (a) 135 million foot-Tbs. for 160 1bs. of local coal worth
10,000 B.Th.U. per pound, which was taken as the equivalent of
1 owt. of Welsh coal; in test (3) 155 million foot-lbs, per million
British thermal units supplied to the engines and not retwrned
in ordinary working to the boilers ; and for (¢} the full discharge
with the terminal effective pressure of the low-pressure cylinders
pot more than 6} Ibs. per square inch, revelutions not more than
25 per minute, and piston-speed not more than 150 feet per minute.

The stations chosen for testing were Nos. 2 and &, two groups
being picked in the former and one group in the latter. Three
geparate preparatory tests were wade to ascertain the slip of the
pumps, the results being (-6 per cent. at station No. 2, and 0-2 per
cent. at station No. 8; and the respective plunger-displacewents
per foot of travel ware, after correction for slip, 73645 and 14-7215
gallons. The ecal in use varied slightly in quality, the calorific
value per pound assigned at station No. 2 being 9916°7 B.Th.U.
and at station No. 8, 10,058 B.,Th.U. The values assigned to the
combustibles found in the ash-pit were 11-637 B.Th.U, and 11-142
B.Th.U.

The resulta of the tests were that in test (4) the duty per 1,600,000
B.Th.U., the assumed equivalent of I cwt.of Welsh coal, was 144-4
million foot-1bs. at station No. 2, and 148 million foot-1bs. at atation
Vo. 8. In test (b) the engine-duty was nearly 142 million foot-lbs.
at station No. 2 and nearly 143 million foot-lbs. at atation No. 8.
In test () tho capacity of pumps per diem was found to be 6,093,000
gallons at station No. 2, and 6,177,000 atstation No. 8. Ineach case,
therefore, the results attained were well over those contracted for.

V.——PuMpixg- 4xp Service-RESERVOIRS, RETICULATION, ETC.

The reservoirs provided are intended for three different uses,
pamely, to act as recciving- and suction-tanks, to regulate flow
in the main, and for service purposes. There are soven suction-
tanks, nawely, one at each pumping-station except the first, the
puwps of which draw from the storage-reservoir at Mundaring.
Of the seven, all but one are concrete-lined tanks, of which that
shown in Fig. 24, Dlate 3, is typical ; the exception is the large
10-million-gallon reservoir at mile 77, which was built some
years previously for railway purposes and was laken over,
as it is large enough to furmish a subsiuntial veserve in case
of accidents to the main or other works in the preceding portion
of the scheme. The regulating-tanks, two in number, ars also
concrete-lined and are much the same in design as, although smaller
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than, the recciving- amd suction-tanks. That at Baker's Ilill,
(mile 24), regulates the How at what is (allowing for frietion) the
highest point on the long and irregular section between pumpieg-
stations 2 and 33 ; and the tank at West Northam (mile 36) not only
reduces the extreme possible pressure on the pipes in the Avon
valley by 100 feet, but alse permits of regulation of the flow in
such manner as to keep the pressures at a minimum in regnlar
working. T'he service-reservoirs are three in number, namely,
one of 1 million gallons at Coolgardie, one of 2 million gallons.at
Kalgoorlie, and the large one at Lnlla Bulling. The two smallor
reservoirs are conerote-lined, and otherwise much the same as the
roceiving- and suction-tanks above mentioned, being also provided
with by-passes so that in case of accident or necessary cleaning
the working of the scheme need not be interrupted.

The main distributing-reservoir at Bulla Lulling (Figs. 23,
Plate 3), which has a capacity of 12 million gallons, with an
available depth of 20 feet, is rectangular iu shape (Figa. 26
and 27), two of tho sides having slopes of 1 to I for the full
depth of the reservoir, while the other two sides are vertical for
a water depth of 8 feet from the top and then slope to the
bottom of the reservoir. ‘The vertical portion or wall rests
on & bench 6 fest wide, from the innmer edge of which the
sloping lining is carried down to the bottom of the reservoir,
The material of the resorvoir-basin consists of indurated clay,
ironstone conglomerate, and bands of limestone, the whele being
badly fissured and pervious to water, and liable to disintegration
and to slides due to greasy backs. The Author's experience of
concrete-lined reservoirs on the West Australian goldfelds had
been such as to show conclusively that concrete lining, even 2 feet
thick, would crack when exposed to the sun; and, moreover,
the cost of thick lining iu a reservoir of this size would have
beon excessive, It was thorefors determined to limit the thick-
ness of lining to 12 inches and to provide joiuts in the cun-
crete to take the inevitable movements due to expansion and
contraction.

The concrete used in liniur both floors and walls was com-
posed of 5 parts of machine-broken granite, the stones being
of & maximum size of 2 inches, 2§ parta of sand and 1 part
cemsnt; all measured by Lulk. What is commonly considered
the only gool class of sand was not obtainablo neurer thau
40 wiles from the work, and the cost of carriage would bave been
heavy; but only 1 mile away there was found a very fine sand
contaiuing 5 per cent. of clay, and 13 per cont. of very Bro
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powdery silica, easily movable on washing. The loam, combined
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Driia Buriive BReERTOIR: METHOD 0F CONSTACCTION.

with the exireme fineness of the sand (only 2 per cent. being

Procecdings.] PALMER ON COOLGARDIE WATER-SUPPLY. 47

retained on a 250-mesh siove, and 3} per cent. on a 4NN-mesh),
did not at first promise goud results, hat the mortar tests proved
very satisfactory, and in fact the briquettes made with this sand
(Table X1I., p. 56) proved stronger than those wule with the
standard sand, whieh was clean, coarss, and sharp; the cemecnt
used for Luth sets of briquettes was taken from the same cask.
It is generally considered that loam or clay is always injurious
to cement mortars, but the results obtained in this instance throw
doult on the point, and confirm those obtained by I'refessor C.
E. sherman,' of the Ohio Stute University, which showed that in
practically every case the snhstitution of loam and clay for a
corresponding ¢ nantity of sand inerensed the strength of the mortar,
The floor of the reserveir, 12 inches thick, was put down
in tweo layers, the first or bottom layer being 8 inches, and
the tuop layer 4 inches thick. In the centrs of the bottom
layer, a grillage of barbed
wire, spaced 12 inches
apart, was put im, for
the purpose of adding
tenacity to the con-
crete, and thns giving it
greater power to resist
cracking wunder contrae- TN YT
tion. The upper surface of PLAN
the bottom portion of the
floor was purposely left smooth, so as to allow the upper layer to
alide thereon. By this arrangement, the top portion acts as a
false floor, and any lewperature cracks are not so liable to con-
tinue into and through the Lottom portion as would be the case
with the floor built in oue Iayer. At the junction of floor and
sides a bituminous joiut, v inches deep by  inch wide, is provided,
The sidles and walls are also reinforced with barbed wires running
horizontally and placed 9 inches apart. The sides and walls were
built in sections with a Lituminous joint between each pair as
indicated in Fiy. 28. This arrangement effectually confined the
results of contraction to the joints themselves, nearly every joiut
opening wore or less at the faces, while the remainder of the
lining remained iutact. Soon after first filling, the reservoir,
much of which was built in intense summet heat, was fonnd to be
leaking at the rate of 1} inch in vertical depth per diem; but

) @ Effoet of Clay and Loam vu Ucwwent Murtar”  Enginecring News, vol. 1,
(19U3), | 3.
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instead of being spread in irregular cracks all over the reserveir,
the leaks wero confined to the lines on which the above-mentioned
joints ocourred : they were easily located, and were effectnally
stopped by cutting out portions of the joinis to a depth of 2or 3
inches, caulking with oakum, and facing with bitumen and tar.

Reticulation.—The original scheme did not allow for any
reticulation of townships for domestic purposes, or of mining-
centres, it being only intended to bring the water to some high Lill
—for instance, Mount Burgess a fow miles north of Coolgardie
—and to lay a subsidiary main thence to such situztion in each
township or mining-centre as the local authority shomld choose for
its service-reservoir. Eventually, however, the completo reticulation
of the townships of Kalgoorlie, Cooigardie, Boulder, and the
Kalgoorlie Mining Belt, had to be undertaken as part of the muin
scheme, in addition to the laying of small pipes to mining-centres
pear Coolgardie and Kalgoorlie; but one or two of the smaller
townships, namely, Northam and Southern Cross, have installed
their own reticulation, purchasing water in bulk from the main
gcheme, and retailing it to the ratepayers.

A separate telephone-line for the works was laid down between
the head office at Perth and Kalgoorlic. It is of erdinary type,
with one repeating-station about half-way, and was extremely
useful during construction. Connection is thus secured between
the head office and the pumping-stations, and, by means of ficld-
telephones, with the maintenance-gangers.

VL —Cost or THE WoRKS,

The actual cost, including all extras, contingencies, and estab-
lishent charges, was £2,560,000, an excess of £225,000, or ¢} per
cent., on the original estimate, after deducting from the latter
£65,000 for works which were allowed for therein but were
not carried out, This can hardly be considered a large excess
when it is remembersd that the original estimate was based
on tentative ddata prior to survey; but as a matter of fact almost
the whole of the excess is accounted for by one item alone, namely,
pumping-plant, partly due to somewhat more water baviog to be
pumped, partly to the provisien of more reserve power for accidents,
aud largely to eulianced cost per horse-power, Low—dut_}' engines
were originally allowed for at an estimated cost of £22 per horse-
power, while the actual cost of the plant installed was nearly £48
per horse-power, iucluding Lederal customs duty, spares, ete. 50
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long as the consumption of water remains much balow the ultimate
amount allowed for, and so long as cheap local fuel (firawood)
remaing aviilable, the high-duty plant will not prove as economieal
s the low-duty and cheaper plant would have been; but the con-
ditions will be different when the full consumption is reached, and
utilization of the more costly fuel becomes necessary.

The total expenditnre of £2,660,000 was sub-divided ag
follows ;—

£
Btorage-resorvoir, including § milea of Tailway-line, lond-compen-
sation ond river-trnining worka (capacity of reservoir being
4,600 wmillion gellona, the cost ja 261 per million gullone of
atorage). . . e e e . 280,000
Bervice- and hreak-prunanm resarvoire of o total oap&olty of
16 million gallona {£33 per 1L,OOO gallons) . . . 80,000
Conduil 352 miles long, including sll vulves nnd chcla.lﬂ (....5,3[2
permile} . . . . . 1,870,000
Pumpivg machinery, mcludmﬂ eroctlon, freigllt, Fodeml custorns
duty and spares (nearly £48 per home-power) . . 260, 000
Pumping-stations, exelusive of machinery but including the bnllll-
fogs, employeee’ quarters, suction-tanks, reilway-sidings, coal-
staishes and stores (£23 per horse-power) . . . . . . . 140,000
Telephono-line and otber contingengies ., . . . . . . . 20,000
£2.660, 000

On the death of Mr. Q‘Conmor, in March, 1902, the Author
succeeded him as Chief Engineer, when about one-half of the works
bad been constructed, The progress was largely governed by the
necessity for testing the long lengths of main between the various
pumping-atations as soon a8 possible, and also by the rate at which
the valves and specials could be obtained from England.

En conclusion the Author wishes to express hia obligation to
Mr. William Coates Reyneldson for much assistance rendered. Mr.
Reynoldson was the Author’s principal assistant on the scheme, and
is now in charge of the works as Engineer to the Trust which
was constituted by ao act of the West Ausiralian Parliament for
maintenance and management of the works,

The Paper is accompanied by ninety-one shests of drawings,
from which the illustrations in Plates 1, 2 and 3, and in the text,
have beenm prepared; also by an Appendix from which the
following Tables have been selectod for publication,

[APreENDLT,
(THE nisT, 6.5 VoL CLIIL] 3
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APPENDIX.

TabLe L.—TMscHARGES 07 CATCANENT-Basty of HELENA RIVER AND OF
OTHER STHEANS.

Helenn River, ! Usnning Biver &

Year. Belween W ir-lin n Aratl I' 15"::‘:“'“ "'J‘{ S{agl:c;:a nt i
. - ' Ll € WAL one . FoLabchmen
e AL wmd Station B | Andd B F o eersoin e Sile:
Squere Miles. | Cutement 50 | Caschiment 18 | Sqoare Miies, -
4 © 1 Square Miles.  Square Miles i : e

; | '
Milllon Gallons.’ MUlien allens. Million Galluns,! Milllon Gallons, Million Galivas,

1898 2,302 Nortecord  No record 3,638 [ 228}
1899 1,857 1,654 338 Na record i 19

1900 9,563 5,408 1,210 » I 117}
1901 1,408 2,615 897 2,014 ' 61
15021 306 845 E 418 705 i F]

' To and of October only.
? Reservoir overtlowed 9 September, 1898, and 28 July, 1900, and the water
that went to waste ia nof included in the above figures,

TapLE JL.—D1scRARGE OF STREAMS ENTERING MuNpaRING RESERVUIR
1 Jawuany, 1903, To I6 Accust, 1903 )

i
* Toral Catche
mentef (iroup

NameofStreamn, | cARROl L@k piuugs [ Total Dlghares
, ing Cateh- |
ments, |
Sqoare Miles, Square Miles,, Gallona. i Gollvoa,
Creek A ., . . . , 7 .. |c 82,27[,000]'
Pickering Creek. . . 10+0 v. 68,016,000[

Darkin River . , 2600

|
|
Rusby Creek. . . .| 1g-2 : 852 166,277,000f2{6,594,000
- 234.924,01)0'
! I

Helenas above junction , ! . -
of Darkin o o0} 2o | ossoo | 275,755,000 | 510,679,000
Falling direct into reser- | ] . f
voir and on halance of!,.‘ 4-0 4-0 53,460,000 r, 53,460,000
_I

catcbmenta. . . ]
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Tapte 1I[.—Ra1NFasL AT PerTE Ganpess, Muypanixe avp YORg.

Yeur. ul:m: o, Mundaring. Yourk. Year. 1 imwlez " Mumdaring. Yorks
Jiclien, lochves, Inclies. i Inches. Lncipea, Invhye,

1876 23‘7.3{ No Ny 18999 ¢+ 39 6 Norecord 1444
"I recund recurl 18 | 4 73 ” L2287

1877 2043 " 14 90 lgsl ¢ 3033 " 15019
1878 39-Td " B i 1] I8 | l-23 " [ B
1574 54 " B P AN 1898 j el 4TS 233
1381 339 " 1857 I8t heT2 20048 0 hey9
1881 . 24-78 " 1485 s 3 44-24 - 6018
1852 35 68 " 1448 1au 0 3E-G0 3763 1584
1843 . d9-65 " 2196 1997 ¢ 29-25 8578 0 15
185¢ - 31+98 " 1917 1838 3204 4350 0 164
1883 - 3344 " 22-19 1809 3196 3750 ' 1534
1486 . 24-00 w o 1418 g 1 o86-23 43-58 § 21410
1887 3752 " 1670 1901 3-8t 33Té 0 1318
lu63 2783 " 1366 L2 itTd 2643 ¢ 1068

' To end of OGetuber.,

TibLk IV.—ETAPORATION AT PEUTH OSEHVATOLY, AND AT
Mexparixa REsgrvois.

July, 1901, to June, 1902,

1 2 ; 3 ! 4
e B | Faliof Waler-Level Keservolr.
Month. . “Perth , |

. Obwervatory. | Per Moulh. | Per Ty,

: Inches, | Inchen, Inchea,
Jalyp, 1901, . . . . . . : 206 H 173 00538
Avgust, 1900 . . . ., , 175 i 1-47 0-0474
Beptember, 1901 . ., ., . .- 3w , 269 00895
October, 1901 [ 551 ; 4652 01493
November, 1901 . . . . . 763 i 6-45 02150
December, 19H . e . 9-47 i 705 02564
January, 1902, . ., . L[E:y S 8°58 02767
February, 1902 . . ., . . 8$85-85-73 70 025048
March, 1902 o e et 426 6-93 0-2235
April, 1892 . . . . . L 521 457 0-1436
Mag, 1002, . . . . . .. 2-27 1%} 0-0613
Juoe, 1902 , . , . . .. 1-80 1-51 00503

Totals and avernges . . : 6379 35721

Note.—The Aigures in colump 2 were furcished by the Government Astrone-
er &g being theloss per diem in Perth. The total of fhyures in culuno 3 for
the 4 monthe from I N ovember, 1901, to 23 Folipnary, 192, was obtained b
observation at Munduring Weir a8 2 feet 6 juches, and the figures for cae
month, showa io culuinig 3 and 4, were calculnted therefrow at the proportion
obtained from coluwn 2.

E 2
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TabLE V.—ANALYSES OF WATER, FEDRUARY, 1903.
Parta per 100,004

[Minutes of

Am:mma ;. Dxygen Nitrogen
— - — - e ﬂll&)ﬂ'llﬁl I.Il an
l"ree Albuwineid, : 4 Hoores, Nitratea,
Cootpardie Reservoir . , . 0-008 | 0-0375 E 0-228 0-016
Mundaring Reeervoir: foot of dam | 0014 ° 0-06 P o1n 0- 0066
Mouth of No. 1 Creelr, south side . | 0-012 © 0°06¢ | 015 02
: i !
Centra of reservair oppomte No. 1 . e . B
ira D reserval o N } 0012 | 0072 ) 0135 0-011
ce:meﬁi;e*""i' 1,000 ”“"“} 0-0l © 0086 | 0121  0-0092
. e . | !
Taorte VIL—Awarvees or Warer, Mav, 1903,
Parls per 100,000, _ Graiga per Gallun.
i ; L : | T RAunrdness
Localhy: Freo ' Albamiooid atagived; SUTO8R 1o ' ehlosine. F
Ammunls. Ammobls. © So ! \k"’m Sullds, arine.
i .4 Hoapp, | 3Totes. :
*Helens Weir., | 0-004 , 0-040 ; 0-130 | 0-0145 2740 . 934 7-0
! ! i
No.2Tenk . | 0:006: 0:040 | 0-184 00131 .27°35 i 994 7-§
Bekers Hill . | 0-012 . 0-026  0-171 0-0132 30°29 ' 10-32 ' 70
; , . _
W. Northem , | 0°012° 0026 | 0-148 00131  26-18 ; 10-08 = 7-5
1 , :
*Cunderdin Ro- . bog. . F < 94.84 10- .
nderdin } oouéoozs 0-166 | 0-0163 2i6-}i1022 75
*No.4 Tapk . | 0°012. 0°026 | 0-129 ' 0-0130 ; 23-94 | 1022 T'5
! i ! :
w5 g .l 0006 0°028 | 0-117 O-0198  24°3%  10°36  §¢
! : i i i
LI - 0010 0-024 | 0:113 0-0180, 2514 . 10-22  §-0
: ' ! ] i H
w T W . 0015 0020 0‘166'0'02& 2599 1936 80
* . 8 1 o’oos! 0016 '0138 0 0210 | 24-88 10-22 g0
Bulla Bulling | 0-012 . 0-020 © 0144 1 0-0105 | 2304 | 1052 L 80
*CoolgardieRe-}' . . ‘ es | g- pioo | 10.08 | g
i g } omzloomlolsz|0015s’232; 1022530
*Kalgoorlie Re- }' 9:006 | 0-020 | 0:150 . 0-0165  22+98 . 10-36 80
servmr - | l | | i .

f
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Tanrk VIL—Avarviea or Waren, Ocroner, 1903,
© lirmdug |
Parea per 100,000, Glﬁ"m. i
_— e ama o e e n,,.m,..
1 ilky, 4
ety Free Albuminuig ;)b:-{h:l Nll:;gen Chlurille Degrees.
A e A i .
HIWRA. LU s, . II.::,]rn_ Xitrates, ; r
M.umlarmg Reservoir . . o-002 peas 0-1 o-0085 15 3B
No. 2 Receivingtank . ¢-001 003 -1 o0 1101 i 70
Bat];:rkulllllllcgulaunu- } 0-00¢ 003 | 0-09 ° 0-008 130 I 80
West Northam Regula- ) o8 | oe 0 . .
itk . 0008  0-028 ¢ 0+7 | 0009 140 ! 80
Cunderdin Rescrvoir . © 0-015 0034  0°21 | 0-06 10091 65
. | .
No. + Receiving-tauk . ' 0-002 003 . 008 . 00066 136 75
Ne.5 s -1 0003 0034 023 | 0-003 63 335
No.6 " 001 003 916 00l ¢ 10°3 60
No.7 w . 00t 0403 007 Pee0l o 0 75
No.8 " . 0h002  0°036 026 0-033 . G4 BD
Bulla Bulling Renervmr 002 0032 02 00066 ! ™3 140
Coolganldie Reservoit . ; ¢-015 0-04 0307 - 0-006 | 55 30
Kalgoorlie Reservoir . 0-018 003  ©¢3 0016 ' 60 30
TapLE VIII.—ANALY~ES oF WaTER, Decaxser, 1903
rame
Earts per 100,000, Gl;r
Adlon.
Locality. S — e — Vavin - Hazrinean
ety Fres If\llnmunﬂM nb::rﬁm’i_ “'":;gﬂn Chlaritie. Tlegreea,
Ammuni.nlJ AmIponia, » I]:::"a_ . Nitrales.
 Muoduriog Reservar . | 0010 0025 0320 002 ; 62 | 40
elonn Hiver, near Bv-1} . . I . " og. .
felds Weir, No. 5 (| 00¥ | 0009 0176 0°007 2841 [ 10°0
Fickeriog Drook Weir.ll o.003] 0-003 0032 00066 1089 | 23
guu]l;yCreek Weir No.3'[ 0-008 | 0-017 . ¢-104 | 0°008 24093 | 80
oy Tiver Weltll gcoq | o-o11 021! 0008 | T62( 33
Cuaderdin Reservoir .| 0°005; 0138 0233, 0017 | 7-39 | 3°5
No. ¢ Receiving tank . 0-010 i 00080 0-178 .‘ 0017 : 6520 60
Toorak Reservair . 0008 | 0025 0167 . 002 ! 762! 35
Bulla Bulling Reserveie | 0-000 | o-024 Jio-zo‘: 0-21 762 | 35
Kalgoorlic Reserveir . I 0008, 0011 {0173 022 5| 55
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Tare IX.—Awarvaes or CEMENT,

Comporition of Uement.

fron nml

R gy R e e S S e
ALjo,, : Wz :

Per out. Per Cent. Per Cens. For tent. Per Crnt. Pur Cent. 1'er Ceot,

Germap cemment  23°61 921 6427 094 096 041 048
W W0 DAL G362 09 105 ] 038 033
English cement . 2511 1139 60-81 0-8 076 = 060  0-34
" . U523 19T 6017 102 115 . 040 0-22

v w2430 12710 6132 093 081 | 051 . 022

W e M 1614 083 083 045 024

W w21 I120L{6100] 08 098 | 046 030

s S WTUUILG 6205 0877 10t D052 039

” . 2305 13'35:60-0'{ 068 1'36 | 040 023

w w211 1250 61420 1-00. 090 087 @ 0-22

TabLe X —Trarg or TENsILE STREXGTRH 0F CEMENT.

Tenalle ¥leenghl per Square nck.

Number
ek em Coment. e ome
b7 Dage. 28 nays,am.mm.emmm 1 Vear. mm 28 1'axe. § Munths. 5 Montbho.
:Lba ‘Lbs.  Lbs. | Lba. | Lba. Ebs, ,Lbs.| Lbe | Lbs. | Lbs.
iCold. Hot, i !
] GBT 571 730 9206 ; 986 | 1,011 ° 162I Mﬁ[
6 sss 792 783 . . .- 177 207 |
8 e 780 942 11,008
r .
9 . .l. 800 _ —_—
2&4(«)320..|567 B0l T 790|.1 . 322 323
252(b) 319 .. :527 676 | R0 | 847 | ! ’
' : : i i .

()} and (b) —The slaking was effected respectively under conditions (2) and
(1) vuilined in the I'aper (). 19}
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Tapes X[ —ANALVIES oF Soua aLoNa RooTe oF Max.

i
i
Place. i

Lomide
Swalwer

i Itemction.,

1. Hmnn Hill (sur-

fince
2 lllneulhll(‘il‘eetl
© below surfuee )i
3 - Southern Croas)
o (eurface) . .|
4 Southern Cross
i (3 feet below
surface) .
5 . Bourbbin (sur-
| facey .
6 Boombbm(‘i feet
below purface)
7 | Coolgurdie (aur-
I face) . . }
8 1 Coolgurdie (3
! feet belowsur-
P fnce) .
9 Yellowdine (sur-i
. face)y .
10 Yellowdme (.-I

P face) . .

11 Yellowdine Snlt'1_
t __Lake (snrfme)}i
12 . Yellowdioe Salt
1 Lake (3 feet}
" below Burl'nco}'
s W, Cudenliv
. UClay Pau (sar-}
i face) .
|
i

14! W. {Cunderdiny
| Clay lan (sl
feet below par-

: ace) . .
15 E Cundenlln[
. Sand  Ploiu
(vurfuce) |, [
1¢ ; E. Cuaderdin
i Sand Plain {3
i feet below sur-
[ fuce) .

\lkalmc

Ll

Acid
, (Fuint)

Acid
(faint)

Arid

”

R

b

1

! :[ B 1k
J'f:utl:;l Tuta! 'h:xlium (‘;:1;‘:'[': Mamie
Nulalurﬂ. = Tuwi Soluble Chloride 00" Ty
1 Inewdile .\lmer. NaLl. o, o
Maiter.. .
I'er Ter ' Per ' DPer | Por I'er
Cent. Cent. | Canl. , {Cent. .' Ueut. Lent.
Made Seplember, 1398,
473 53 0‘-15 03 0l 2
13 56 15 205 ¢ 2.} 0 37 OO0 o)
10- 36 g9 0 21.’ 014 3°B5 055 .

| |

10-33 15-%01 {l".*'25i o7

}_
}

i
|
!

feet hulowsur-[ Allalive

. 189

| 12°28 ' 7-422 257 l 0-05

2:048 45
I

|
$:08  4-410 0183, 0°03 !

138 ¢-97 | 0-24 % 0-04

2243 _

1°78 ° 4-36 Il0-55 : 0-07

§-62 | 377 1'% 1004
Made December, 1498,

327 4076 3-6
I
82 502 4097 | 43

0-852 2:20 0-278 0-09

o

5056 7-972 0-805 06
- '

39

! i
T 2243 2045 [ 0-08
]

1

; i '
I0'235 0-065 0-93

647 , 0-06 . 0°03

146 Nil.

036
Nil. 0-04
j 012 016
015 016
L0153 0-18
: i
- 2-05 . 0-u33
(039 . 016
; !
0-169 012
|
044 036
|
0-62 - 0-028
i 2-56 038
I
0-467 0°3Y

Nors—Moisture eslimated on svils o8 received.  Other estimations made

ou waler-freo sumples,
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Tapte X1I.—Testa oF BrecrweN Pieces oF Locming-Ban Pipga.
| ' Nuniber of [leces Averoge Breaking-=tress of
" Phickness Weiglit of that Failed ¢ 1'late of Ilecea which Fatled
Nomber of 1 shonnl Lecklug- H
Pisces Tesed. Lo i }Ll i st I th In th n th
: 1gul Fuuk, n the n the n the
. : * iLucking-Nar  Plate. Locking.Dar. In the Plate.
T
Inches, I Lba: E‘E?l.nl:::: :-'qungnr:h'.
124 S | 64 H) 34 143 W0
130 1 \ 7 7 g3 2248 263
3 1 3 | . 3 .- 268
30 1t 84 ! 9 21 e3-8 25-7

TapLe XI1I[—TraTe oF BRIQUETTES MADE PROM STANDARD BANTD AND PROM

Baxp vozp Fog BuLra Brivrixg Besenvels CONCEETE.

(3 Band to 1 Cement),

Breaklng-ssress per Seuare [ock.

—
¥ Daye. 28 Days, s Mopthe, | o Mouths, 1' 1 Year,

Lbs. L. | Lbs Lbe, Lba,

Band, a8 ueed in reservoir, J '

containing & per cemt. 240 388 | 410 416G 522
loam ., . « & + !

158 | 27 812 817 388

Clean atandard sand . .
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SN NBEEBE

Cbhbe Nopth-Eastepn Goldfields.

. - T
FROM KOOKYNIE TO LAVERTON.
A
HOW TOC GET THERE. WHAT IT COSTS.
. R

INTRODUCTION.

v HAT have vou beside the Golden Mile in Westralia ?
) . " - OUTPUT.

Take thot away, and there's nothing left.” This is . .
what a stranger within our gates might remark, and Year. Quaguty :
3 naturally enough, because the Golden Mile has been 1896 35,22'3-‘-
%‘E boomed the world over, and has established a unique 1897 300,037
record, so far as much boomed places are concerned, 1898 450,312
in that it has more than realised the most sanguine boomster's 1899 923,617
anticipations in actual results, The Golden Mile is in the East llggg 1,8013%;(_:%

Coolgardie Goldfield, and may, for all practical purposes, be 1902 1.179.406
said to be “the” East Coolgardie Goldfield, and the output of 1903 (to May 31)’575:743
that field is shown in the following table:-- At £3 11s, 4}d, per ounos,

EAST COOLGARDIE GOLDFIELD,

Value,
£

324,080
1,140,141
1,711,186
3,509,747
3,081,445
3,697,833

4,182,799
2,053,483




Average per ton of ore milled 1901—1.d20z.; 1902--
1.310z.

It is kitewn to few, however, that, beyond Kalgoorlie, fur-
ther north-ecast than ths 90-Mile—or Menzies, as it is now
known—lies a new Eldorado where Golden Miles are being
gradually and steadily developed, and into this region—the
Mount Margaret field—it is propcsed in this small volume to
take the visitor. Although one of the youngest goldfields,
Mount Margaret ranks only second to East Coolgardie in its
gold yield.

MOUNT MARGARET GOLDFIELD.

OUTPUT.
Year. Quauntity. Value,
Oz. £
1987 (from Aug. 1) 8,685 33,008
1898 43,267 . 164,413
1899 81,807 310,905
1900 141,523 537,787
1901 198,808 745,530
1902 216,637 812,389
1903 {to May 31} 87,576 328,410

At £3 18s, per ounce
Average per ton of ore milled 1901-1902, .760z.

The Niagara district, in the Nerth Coolgardie Goldfield,
will be touched upon, because, although in a field distinct
from the Mount Margaret, the growth of Kookynie and its
surrounding mines is coincident with the progress of the dis-
trict beyvond Menzies, while the extension of the Menzies-
Laverton railway had its first section here. In fact, Kookynie
is a much younger town than Mount Morgans, which it bids
fair to out-rival.

Also, the statistics as to population, the conditions of
everyday life, tae cost of living, and the cost of travelling,
together with the route, will be interesting and valuable, not.
te the casual visitoy alone, but to many to whom this
rich ronntry is g terra incognita at present, though they livein
the State. By eontrast with Kalgoorlie, the progress of these

Norlh-Eastern towns has heen even more rapid than that of
the metropolis of the Eastern Goldfields, which, less than a
decade ago, was a dusty, scrub-covered desert patch, with just
a few prospectors’ hessian or bag humpies, while to-day there
are well-made streets, lighted by electricity and planted with
sugar gums and pepper trees along the edges of the footwalks;
electric overhead trolly trams to convey the public speedily
whither they wish, at moderate rates; separate cycle tracks
in all the streets for those who use this popular means of
locomation ; stone and brick buildings, of two or three storeys;
hotels, which are not excelled by the finest in Perth in regard
to appointments and cuisine; and last, but not least,

water laid on by means of what ma: be truthfully said to be’

one of the finest engineering schemes of the century, generally
lmown as the Coolgardie Water Scheme.

It may not bo amiss, later on, to give a few details of this
undertaking.

Wnat does the traveller find in the Margaret field, and
all within the spac.. of five years? Big stone und brick hotels,
.ighted by electricity, and equipped in the most modern style;
the streets well-formed and graded, and lighted by electricity;
and water laid on—not from the great scheme hewever, but
from the natural supply, for the Mount Margaret, unlike its
elder sisters, the Coolgardie, East Coolgardie, North Coolgar-
die, and North-East Coolgardie fields, has abundance of
natural fresh water, and embraces vast tracts of good pastoral
country, se that it has its own meat supply—far better meal
than in Perth—drawn from the herds of the Nor.-West, the
stack being traveiled overland

Moreover the field has been made the scene of an unique
cxpefiment in gocia, legislation, for at Gwalia, two miles from
T.conora, is the Gorernment State hotel, or as it is facetiously
termed “the Government pub.” A view of it is given with
details of ite working, amd particulars as to results to
date. Tword Grey's scheme has worked wonders in the Mother-
land, and what th~ future may hold in regard to State hotels,
depeuds largely orn the success or otherwise of “the Govern-
ment pub.’” at Qwalia.




To get dowa to bedrock. What every man wants to

know about the “Margaret” is
(1) How to gat thers.
(2) What it will cost.
(3} What are (he opportunities and opening. offersd
for energy and capital,
(4) What is the cost of living.
(5) What are the conditions of life.

business premises, and s0 on, are reproduced. All particulars
hereia may be relied upon, as the details have been collated
on the spot, and are acquired by actual experience, so that the
valne of the work lies in its accuracy.

THE MOUNT MARGARET GOLDFIELD.

The Mount Margaret Goldfield, as before mentioned,
raaks seeend i the State as a gold-producer, though enly in

)
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A BACK COUNTRY COACH,

All these particulars are given in this  bock. and in
order that what is set down may be more easily assimilated

mentally, plwtpg,raphs of all places of interest, towns, mines,

the sixth year of its existence. Originally part of the North
Cooigardie Goldficld, it now comprises three districts, Mount
Mateelm, Mount Morgans, and Moynt Margaret, and has a




total urea of 12.232 square milea. The Warden's hendquarters
are iit «count Murgans, because of the central position of that
fown,

The field had practically to rely upen ilsclf, us vary little
eapital came from outside.  Tn many instances erushings from
the mines had to be depended upon to provide the mauchinery
nced(ul for further development. The distriet was also ham-
pered by the lack of transit facilities, but this has been greatly
relieved by the extension of the Government railway from
Menzies to Maleolm and Leonora. The line is at present in
counrse of construction to Mount Morgans, and thence it is
proposed to take it to Laverton.

The methods adopted by the James Government, in erect-
ing public batteries, will doubtless relieve to a large extent the
hardships which in many cases have been endured by pros-
pectiers, who, having mediam-grade propositions, frequently
had to abandon their “shows” before they were sufficiently
developed to warrant the speculator placing money in them.
There are threc State batteries on the Mount Margaret field,
one at Leonora, one at Laverton, and another at Burtville.

The populatior was estimated to be, on December 31,
100z, 6,025 persons, distributed as follows : —Mount Malcolm,
2,741 ; Mount Morgans, 1,114 ; and Mount Margaret, 2,170.

The rain fall last year averaged 10 inches, and several
market gardens are in full cultivation, and the vegetables are
excellent and far superior to the imported, but the prices are
rathe; high. Several pastoral leases have been taken up: the
ruling price of meat being from 8d. te 1s. 3d. per Ib., accord
iuzx to the “cut.”

The rate of wages per week, as compared with East Cool-
gardie, is us follows: —
EasT Coorcarnpie,

Minera.
Above Ground, Underground. Eng. Drivers. Mechanics. Carpenters.  l.ahourers

£310 0 £ 3 0 £3 5 0 L3410 0 £310 0 L3 0 o
MounT MARGARET.
L1160 0 {4 0 0 £410 06 £4310 o L4160 o L3110 o

The total unmber of miners employed on the field in 1902
was—Above-ground, 884; underground, 1,253; total, 2,137,
In the Fast Coolgardie field there are 6,231 miners employad
—3,204 above-ground, and 3,02 vuderground.

Taking the three districts separately, and including
alluvial miners, the figures are:—Mount Malcolm, 964;
Mount Morgans, 470; aud Mount Margaret, 771,

THF RAILAWAY JOURNEY.

In order to make matters as clear as possible, the princi-
pal iewns on the railway line after leaving Menzies will be
dealt with first in the order they are reached, and it may
he well to give the distance from Perth and the fares straight-
away.  The map will give the necessary idea of the locality
more clearly thau could be <ot down in writing.

Fanrks.
Hingle, Retarn,
S'tauion. Miles. R 2mil. 158, 2ml.
N 139 &4 L3 L2110 3 L6 111 £3116 o
Koonkynie 193 4 L L3S N 6 o LI {F I
Malcolm 321 + B 7 214 o & g1t + 1 0
Gwalia 534 4 5y 215 4y n13y 2 4 3 2
l.eonora 536 4 9 213 7 613 3 4 3 3

There are four trains daily to Kalgoorlie and their times
of starting may be seen from the published time-tables, For
the purpose in hand, however, the express, which leaves Fre-
mantle at 6.40 p.m and Perth at 7.30 p.u. every day, except
Saturday, will be taken,

Sleeping berth: may be obtained at a cost of 10s. each,
and these should be applied for early in the morning as there
is a good deal of passenger traffic to the fields. - The express is
due at Kalgoorlic at 1.5 p.m., the following day. On the
route refreshments and meals are always obtainable, the price
being 2s. 6d. per meal; and due provision is made of time in
which pissengers may eat.

An hour is available at Kalgoorlie for luncheon and this
¢ests in an hotel 3s., and the 3s. Zone may be said to be en-
tercd here—3s. per meal and 3s, per bed : 125, a day—and thig
is tle standard rate throughout the goldfields.
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The train for Ningara leaves at 2.153 p.m.—it is generally
called the “Mengzies train,” because, until recently, when the
line was extended, Menzies was the distributing centre—and is
due at Niagara 821 p.m., Kookynie 8.31 p.m., Malcolm 9.56
p.m., Gwalia 10.20 p.m., and Leoncra 1035 p.m. Thus in
rosud figures the journey to Leonora may be acomcplished in
26 hours, and without discomfort.

NIAGARA.

The glory ha: departed from Niagara, which in 1893 was
a Acurishing town. In the old days it was a coaching town
and a busy centre. Now Kookynie has supplanted it, but
there are many gcod shows round Niagara, and at the time
of writing there were outward and visible signs of things k-

~ing a turn for tlie better,

Niagara is a “mud” town, nearly every building in the
place being cenctructed of sun-dried mud bricks. In adobie
buiiding the clay is sunk in mould frames and allowed to set-
tle and dry; in mud brick building each particular brick is
fermed and dried and then laid. These bricks are about feur
times the size of ordinary bricks and the buildings are very
cool and present a solid appearance.

The populatic:: of Niagara 1s small--about 75.

There are four hotels, two stores, a butcher, and baker.
The town possesses a post, telegraph, and money-order office,

The water supply is obtained from the Govarnment reser-
voir; and the pan sanitary system is in use.

There are about 50 prospecting “‘shows’ within a radius
of twu miles, and on the Eagle Hawk a 10-head battery is
being erected. About a mile outside the town is a State
battery amd crvunide plant (10-head), which was started on
public crushings iv November, 1900,

Of the loases, the Opal, Pearl, Heather, and Pine Lodge
have been seld {o companies, the first being owned by the
Hannan's Main Reef Company. They were all practically
abaidoned shows until the advent of the State battery.

The deepest shaft on the leases round Niagara is 180ft.—
water iovel—ane the ore bodies vary in size. The quartz is
friable in charactar and easy to erush. In all 7,000 tons have
becn crushed at the State battery for a yield of 9,0000z.

There is in the town a Mochanies’ Institute, in which
is n lihrary; and the attendance at the local school is increas-
ing every month.

KOQOKYNIE.

Kookynie, 493 mi'es from DPerth, and 1,497ft. above sea
ievel, is the town next Niagara.

The town, which lhas an area of two and a-quarter square
milcs, was incorporated on May 22, 1902; and {s governed by
nine Councillors, excluxive of the Muyar. Half-a-mile (of the
2L miles of streets, within its boundaries) hus been formed at
a cost of £23 per chain

The total number of buildings within the municipality
is 400, and the pepulation 2,320, made up of 1,693 male-, JJI
females, and 296 children. The municipal rate is ls. 3d. in
the £ 'Tho sanitary system  employed is that of sealed pans.

There are scver hateis and a workmen's club, five geueral
stores, thre: drapers, and four confectioners and greengrocers,
ete., bosides staticners, tobacconists, and so on. There are a
State schoel, hespital, and post, telegraph, and money-order
offices. The water supply is derived from wells, and mains
are being laid downp for service in case of fire and for street
watering. ‘The water is fresh and of good quality, and the
town has an excellent swimming bath, which is a great boon
in the summer moxuths,

An electric light installation to comprise, 7 arc lamps
for street lighting. supplemented by 15 kerosene lights, is at
present being established.

The maximum shade temperature recorded last summer
was 112 deg. Fuht |, and the minimum, in winter, 46 Faht.

The town supports two newspapers, one published once
and the other twice a week.

Fruit and vegetables of all deseriptions are plentiful.
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Banks alse bave branches in the town, and some very
handsome brick buildings adorn the streets; which are very
leve!, as the town i: in flat country.

fore anvhody guessed that, within a year and a-half, the towtt
would become what it now is. The rooms in both hotels are
larz> and comfortrble, and they are lighted by electricity

THE KUOKYNIE HOTEL,

In contrst to each othar may be cited Campbell’s
Kockynie Hote! (the first hdtel in Kookynic)an 1 M Ak’
Naticnal Hotel, of which buildings illnstratiens  are liere
given. Altbough the front of the Kookynie Hotel i< not o
imposing as that of the National, numerous additions in brick
have been made in the back, but as a landmark of the early

days the front remains almost indentical with what it was be-

Bathreoms are on the premises, and the traveller will find in
pecard o et and appeiniments much to marvel at, con-
cidering the brief period in which ali these things have been
accompli-hel,

La~t, bat not least, the town has an excellent recreation
gl and racecourse, and on the latter the Kookynie Turf

Clnt hold three mestings annually.




THE COSMOPOLITAN GOLD MINE.

On the town boundary is the Cosmopolitan Gold Mine,
which practically brought Kookynie into existence. The mine
15 owvned by the Cosmopolitan Proprietary, Ltd,

The following is the output of the mine; —

Tons Ozs, Value
1898 208 187 £698
1899 ” 9,901 9,067 35,363
1900 15,430 14,246 54,992
Igol 15,288 22,710 81,790
1902 s £0,222 181,991

The f Jlowing are the monthiy returns during the present year; —

1903 Tons Value Value per ton
Jamuary ... 6,028 Lig24y L2 07 3
February ... 6,011 13000 211 8§
March 6,957 15,403 212 10
April 7,126 18,7038 212 6
May wo D439 19323 23 1
June . 7.607 19,104 210 2
July 7734 19,872 211 3
August 7,803 20,333 21201
September _,, 7,678 Iy.832 2113

The depth of the main inclined shaft on September 30,
190.}, was 1,135ft,

The general mauagers are Messrs. Bewick, Moreing aud
Ce., the local superintendent bein,, Mr. W. H. Shipman.

MALOOLM,

By the time this book is in type the railway line will,
in all probability, have been completed to Mount Morgans,
north-east of Malcolm, whence it will, at a later date, be ex-
tended to Lavertonr. At the time of writing, Malcolm is the
terminus, but a branch line runs westward to Leonora.

Maleolm is an old town—so far as goldfields towns go—
having been incorporated in October, 1900. It is 521 miles
from Perth, at an altitude of 1,350ft. above sea level. The
arca of the municipality is one square mile, and its destinies
are controlled by a Mayor and six Councillors.

The town is scattered in appearance and lacks compact-
ness, there being many unsightly gaps along the building-line
of it: streets, There are seven miles of streets, of which 36
chaivs have been formed and four miles cleared. Sixteen
kerosene lamps serve to light these streets by might.

Within the town boundaries are 210 buildings, and the
population: is 450, of whom 255 are males, 120 females, and 75
children,

The increase in the proportion of females to males in the
older towns will be apparent and is in the natural order of
thitgs, as places become more settled and their permanency
more assured. A municipal rate of 1s, 44 in the £ is
levied; and the sealed pan sanitary system is employed.

There are five hotels in the town, as well as a brewery,
and an equal unmber of stores. There are postal, telegraphic,
and money-order offices; and a State hospital.

The rainfall pe1 annum averages eight inches; and the
watcr supply for the town is derived from five good wells, all
equipped with wirdmills. The maximum shade temperature
last summer was 120 deg, Fabr., and the minimum (winter) 34
deg. Fahr.

Vegetables are supplied from three local gardens, the
supply being supplemcnted from Perth, which provides fruit
also, Fresh milk i< obtainable from a dairy in the town.

A local court is held monthly, and a warden's court fort-
nightly.

The Richmond Gem Gold Mine, which has passed through
many vieissitules, is working, and is just outside the town.

Twelve miles east is Webster's Find Gold Mine, owned
by the Perseverance G.M. Ltd., and both of them are paying
well.

The “Pig Well” leases are about 12 miles north of Malcolm,
and these have beer coming well to the front of late.

There iz an hotel there at the parent lease, “The Flying
Pig,” which rejoices in the name of “The Wattle Bark Hotel”;
and within a radius of a mile about 60 men are working_ The
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chief “show is *The Harriston,” named after its finder Harris,
a drover for a Malcolm butcher. A recent crushing of 232 tons
avereged 4oz, per ton.

MERTONDALE,

Where is situnted the erstwhile famous Merton’s Reward
Mine. is eight miles further north.

at Mertondale there are three lotels and four stores,
and at present jt appears to be simply a question of the sur-
vivil of the fittess. Mining matters are very quiet,

There is a cleared track to Mertondale via the Pig Well,
and the journey may be accomplished either by horse and
buggy. bicyele, or on fonot. Of course, there are many
other leases working in the district, as will be seen by the
map, but the limited space at cur disposal allows only refer-
ence being made to those, which are at the moment attract-
ing attention.

Harking bazk to the railway, the next place is

GWALIA.

534 miles from Perth, where is situated the famous
Sons of Gwalia Mine—and an unique experiment in eocial
legislation, the Gwalia State Hotel, of which an illustration ig
given. This hotel was erected by the Government, from plans
prepared by Mr. W. E, Robertson, architect, at a cost of
£4,800, and its furnishings and stock cost another £1,200. It
was built mainly for the benefit of the men working on the
Sons of Gwalia Gold Mine, on the boundary of which it is
situated. The hotel is comfortably equipped, and contains on
the ground floct n bar-room, a bar parlor and billiard-room (all
fitted with fireplaces). a smoking reom, dining-room, kitchen,
and offices, with stabling, ete., at the back. The hotel is of
of brick, and is two-storeyed, with a wide balcons on ihe nort-
ern and western ends, Upstairs there are a drawing-room, and
three single anl three double bedrooms, all roomy and fur-
nished with a due regard to comfort. The menu is excellent,
and includes fresh meat, fresh fish, fresh milk, vegetables, and
fruit.  All liquors are of the best quality. Spirits are a shil

11

ling a glass, beer and “‘shandygaff” 6d. per glass. Tbe hotel
closes mt 11 p.m. to the minute, no credit iy given, and the
moment it is deemed that a man has bad encugh to drink,
more liquor is refused him. Of course, the bar is never open
on Sunday. The hotel is controlled by a msnager, who is paid
a fized salary, and has no interest or share in the profits what-
ever. With the exception that, in the Peoples’ Refreshment
Houses Association’s Hotels in England, where the manager
is allowed, in additicn to his salary--a profit on mon-intoxicants,
the State Hotel at Gwalia is run on gimilar lines.

That it is a complete success was proved by the writer of
this brochure, who “interviewed” 30 or 40 miners on pay-night
and they were all unanimous that it was the best institution
they knew, Ther were prevented drinking to excess, got
geod liquor, and thus saved money, because when there was no
hot:] there. they went to “shanties,” got bad liquor, and more
often than not were robbed when they lay stupefied through
drink.

The Gwalia Mine pays once w month, and as some men,
on the contract system, earn as much as £1 a shift, it can
easily be estimated what this means—smetimes £28 for onc
.‘Pa.v.”

In conclusion, it is satisfactory to know that the State
Hotel, which was only opened on Junme 3, 1803, is a paying
concern, and the profits are increasing,

THE SONS OF GWALIA, LIMITED.

The ..ons of Gwalia Mine, which is just over two miles
tiisiant from the township of Leonora, was discovered and peg-
ged out by some Welsh prospectors in July, 1896, work being
commenced on the leases in the September following.

The London and Westralian Exploration Company first
obtiined the property from the prospectors, and it was subse-
queetly floated in London into the present company, with a
nominal capital of £350,000, in £1 shares, 318,000 of which
ha.e been issued, fully paid up, to date.

The present company now bold in all 29 leases, covering
(83 acres,




GWALIA GOLD MINE, GWALIA,

The mine is well equipped with all the latest machinery,
ineluding a Fraser and Chalmers 50-stamp mill (with divided
plates to nllow the tables being seraped and cleaned up when-
over neeessary without the stoppuge of a &single stamp. A
cyanide plant, aapable of treating over 5.000 toms of sands
mouthly; griuding pans, agitators and Rlter presses for the
trentment of concertrates, and a nest of Spitzkastins for set-
tling of slimes.

The mill ¢rushes on an average close upon 8,000 tons of

ore per montl, giviny a stamp duty of 5.32 tons per 24 hour-.
From 000 to 5,000 tons of sands are eyanided monthly, and
about awhout M tons of concentrates treated.

Sinee cru-hing was started in May, 1897, there have been
put through the mill 362,623 tons, which have yielded in all
276,972 ounces of bullion, being an average extraction per ton
tn dite of L3dwts. 7 grs., and giving a total value of £1,042,4°3
Be, G,

Tin Gwalia lode consists of a schistose formation, oxi.

Roy Atillar, Photo.




disedd for the first few lovels, and gaining very dightly in
-uli-hides as depth is atlained.

The main shaft is down 1,555 feet on the incline, and 12
ievels in all have lheen opened up, ore for the mill being ob-
tained at the present time from <ight of these levels.

The prospects of this property are, perhaps, better at
date of writing than in any previous period of thie mine's his-
tory.  Uuder the superintendence of Mr. W. J Loring. the
mine has made rapif.l strides, both in development apd economy

of working, and it i< now jn the fortunate position of nukinga
net. profit of over £10.000 per month,

Two dividends of two shillings each per share bave been
pari 1o date, one in 1901, and the other in June, 1903, and at
ihe Jast general moeeting of shareholders in London, the Chair-
man of directors (Mr. Cyril Wranklyn) forecasted future divi-
dends of twe shillings each per share being payable
every four months. We are given to understand that the
present position of the mine fully bears out his prognostica-
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tions. The mine ha~ as generu, i_.uagers the well Lnown firm
o Bewics, Moreing and Co., their local superintendent being
Mr. W. I. Loring,

LEONORA.

Leonera is 536 wiles frum Perth, and is o compact town,
witk  many brich  Luilding~.  The populition is 400,
wl the town is connected with the Gwaliz by a steam tram-
way as well as by railway. A fine public hospital is sitvated
between the town and the Gwalia. There is & local rifle club,
and an excellent fire brigade, to ail whose efforts the town
has besn reticnfated from a large reservoir, construeted on a
natural emincuce.  The town possesses a raceeourse and
recreation reserve. both within easy ace:ss of the town. It
also maintains a newspaper.

The largest building in Leonora is Thompson's Hotel, a
fime two-storeyed brick structure, which contains  nineteen
rooms, exclusive ¢{ the bathroom, two parlors and the bar.
The proprietor claim to have the finest «tabling outside Perth.

The Tower Hill Mine, which belongs to the Octagon
Explorers’ Litd., is one mile scuth-west of the town, and cover:
an area of 95 acres  There are eight shafts on the property,
and al! but one are down to water leve) (70ft.). Independent
of surface work, about 3,0000t, of crosseutting and driving hava
heen done. Tt is = low-gmde proposition, with large bodies
of ore. One reef 5 120ft. wide. A parcel of 1,000 tons was
going through the Government battery in August, estimated
to yield 6 dwts. Sgrs. per ton at the mill, with Sdwts. 5grs. per
ton in the tailings. The gold is worth £4 per cunce.

About four miles north-east of Leonorn are the Tronstonc.
leases, owned by a Westralian syndicate. The deepest shaft
is 170ft. ; and the reef averages aboot 6ft. in width. 1,400
toas were crushed, and yiclded 1,5000z. of gold. The owners
are now about 1u creet a 10-head battery,

From Leonora travellkrs proceed by road to Lawlers,
about 87 miles north in the East Murchison Goldfield.
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YUNDAMINDERA.

Haring purticolarised these towns on the railway line, it
may be as well to proceed to Yundamindera (eriginally known
as “The Granites”), which lies north-east from Kookynie, about
38 nile:, in the Yerilla district of the North Coolgardie Gold-
field, and which is reached by coach. Wh-n the railway is finished
the route will ba via Anaconda. At present the coach runs
from Malcolm via Anacondn to Murrin Murrin, and thence to
Mount Morgans and Laverton. A connecting coach runs twice
a week from Yundamindera to Murrin Murrin to pick up the
maiu line coach. The fare is 30s. to Maleolm, and 15s. to
Murrin,

This place and its surroundings were, for a time, kept
back owing to the lack of crushing fircilities, but a Huntingdon
mill iz now being erected by the Government, with the result.
that several abandoned “shows” have been again taken up and
are working. Th> town is controlled by a prograss committee
numtering seven, and a health bonrd, also composed of seven
memibers. The doubie pan sanitary system is in use.

The town is fertenate in that the streets need no forming,
being ironstone, but a rate of 1s in the £ is levied by the
North Coolgardie Roads Board, while a health rate of 6d. in
the £ is also collected.

‘There are 1).rco hotels in the town.
longing te Mr. C. E. Williams,
containing 15 roome. A femture of the hotel is a cool room
for use in summer This has a trellis-work front, and hessian
(a kind of coarse canvas) five inches from the corrugated iron
to aliow a draught to circulate. This is furnished with cane
louages, and is a great boon in the heat of ‘SUmMMmer.

“The Granites,” be-
is a wood and iron building,

Anlother hotel is worthy of mention, “The Bulletin,” of
which Mr. C. B. Webb is proprietor. “The Bulletin” Hotel
takes its nam-~ fror “The Bnlletin" newspaper, to which jts
Propretar is a constant contributor. The picture of the
brildinz (here repreduced) shows what may be termed a typical
goldfeld's hatel of the early type—in between the hessian
and krick age, so to speak.
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THE GRANITES HOTEL, YUNDAMINDERA,

There are two general stores in the town, two draper's
shops, a baker, u butcher, and a hairdresser.

The Australia® Workers’ Association have a hall here,
in which dances take place, while it is used as a half-time
school and ar a church, occasionally, when a clergyman visits
the town. The town does not possess either a doctor or chem-
ist. There are post, telegraph, and money-order offices, A
tender lias been let for the erection of a leck-up, but at
présent prisoners are chained to 2 tree, like wild beasts, their
only chei‘er being that of a tent,

Vegelables are supplied by travelling hawkers, but there
is no lack of good food, as the following meal, partaken of ip
one cf the hotels will testify:-—Vegetable soup, roast beef.
potaroes and cabbage, rhubarb pie with fresh cream, cheese.
ete. The water supply is derived from a Government well
and from aoaks.

An cpportunity occurs right here, as the Americans
would cay, to deseribe a typical goldfield’'s town store, and this
will very well stand for all of them. At the same time it wil!
zive rhoss unfamibiar with colonial life, an idea of the vicissi-
tudes a wman has to undergo. 8. J. Ottery started originally
at Yerilla, but the place went dowi, so ke packed up his
aoccs and chattels and went to Pendinnic Sock, and, later.
moved on to what was then the scene of a new "rush’’—"The
Grainies.”  Fortunstely, as tie puce progressed, he kop:
pace with it, The way the goldficld’s storekecper rums hi
busincss is not to sit down and wait for chance trade. One
“round” in a cart je 30 miles. Goods are taken out and cr.ler;
for the following week obtained, and so on. An idea of the
varied a2nd comphrensive character of the articles kept i
stock ay a goldfield’s storekeeper may he gathered by the fol-
lawing list jottel dewn casuully after glancing round the in-
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terior or Ottery’s : —Butier, eog<, tinnod meats, milk aad
vegetables, ehain . linoleum, straw matting, nails, tin trunks,
flock pillows, cauvas water bags, enamelled iron, fellmongery,
tinware, goneral irosmongery, meing tools, vxp]t;riror-', leather
beits, dungaree aml tweed clething. boois, kerosene, corru-
gated gulvanised irci, timber far building purpnses, pndlocks

and penknives, ard hiaven ml!}' knows what besides.  This

ought, however, to serve as a guide to anyone wishing to go
storekeeping on the goldfields. It is npropos in this connec-
tion Lo give the prices current of food-stufls in the town:—
Potaices are 2id. per lb.; butter, 1y, 10d. per lb.; meat
(tinned) 13d. por tin; flour, per 50lb. bag, 12s.; jam (2ib. tins),
Is. 1d. ; tea, from ls 6d. to 2s. 6d. per 1b.
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PEXDINNIE STATION,

As mentiontd in the prefatory remarks, good pastornl
country exists an the Nerth Coolgardie and Mount Margaret
Goldfields, and the fclowing account of Pendinnie Station,
i miles south of Yundamindera, and 42 miles east of Kcokynie,
<hould be interesting,

About five miles out from Yundamindera a halt was
made at the Pendinnie Souk Hotel, a wayside house con-
structed of sun-dried bricks, und the front of which was
covered with creepers. which made the otherwise ugly building
look quite attractive Hard by, is a garden, where the fol-
lowing vegetables are grown, and it may ba as well to give the
retail prices at the same time: —Lettuce, 4d. and 6d. a heid;
cabbage, 4d. per lb.; silver heet, 5d. per bunch: turnips, 4d.
rer bunch: and radiskes, onions, and parsnips, all 4d, per
hunclhi.  Bome fine water melons are also grown.

Refreshments having heen partaken of, a fresh
was made, and Perdiunie Statien was reached shortly aftur-
wards.

The station, which is held by Milbank and Co., under 89
years' pastoral leace from the Government, comprises 458,000
acres  Sheep, cattic, and horses are running, and the accom-
pany'ng illustration will give a good idea of the fattening
qualilies of the herbuge, which consists of salt and cotton
hush, kangaroo, mulga, and spear grasses. The country is
thickly timbered with stunted mulga, eork, and salmon gum
trecs,  There js, likewise, plenty of milk bush and wild g
anium, both of which are goad for fodder. The soil is sandy
loam, in granite country, hiseeted by low ridees, The land is
nndulating.

To illustmte hew luxurinntly kangaros grass grows in the
erceks, “The Bungalow,” a< Mr. Milbauks house is called, is
thatehed with graes that grew Git. and i, high. Water for
the Lkomestead is ob‘ained from a w:ll  36ft, deep: it is of
excellent quality, a'most equal to rain water. There js a bore
iole 46ft, deep on the centre of the run, about six milesfrom
the homestcad, an: another ic to be put down at “Marloo.”
the ovt-station.

starl
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A nice garden has been laid out near “The Bungalow,”
and here were growing in profusion lettuce, beet root, cabbage,
onions, swede turnips, and melons.

A large number of pear, pench, apricot, apple, lemon, and
crange trees have been planted and are flourishing. Cape
goosckerries grow almost wild, while a young grape vine is
already over 8ft, high, all of which testifies to the prolific
nature of the soil  The grass is best when the summer rains
come on, but there i~ plenty of herbage throughout the winter.

Wild turkey, emy, kangarco, and wallaby abonnd, se
there is no lack of sport for spare hours.

“The Bungalow” itself is a picture, covered with wild
native flora, with mignonette and other flowers blooming hard
ty. The thatched roof keeps the house very cool, and nn the
hotlest day in summer it is never more than 65 deg. Faht.
inside. Pepper trees aid in lending their graceful shade.
Truly, o pleasant picture!.

In due time the party returned to Yundamindera, and
then d ove to At Morgans vis Redcastle, where there is a
wayside hotel. Redeastle lies about 11 miles north-west of
Yundamindera. Changing our course again, we. bore north-
north-cast for Mt, Morgans, which was reached in gue course.

Betwean each of the places visited by road, a day's
journey may be reckoned, unless otherwise specified.

MT. MORGANS.

Mt. Morgars, which has a population of 1,250, is 565 miles
from Terth, and 1,573ft. above sea level. It was incorporated
m Septemiber, 1900, and has an area of about 1,112% acres.

There are abcut 500 buildings within the municipality ;
and the streets, which cost from £3 10s. to £15 per chain to
furm, are lighted by electricity.

The town is huilt on an ideal site, which gently slopes
on three sides, while the hill, on which are situatcd the mines,
forms a striking backgronnd on the east.

There are «ix Councillors and the Maycr to look after the
welfars of the citizens. The eanitar; rv:iem is the duplicate
sealed pan, and the rates are 1s. 3d. jn the £



PANORAMA OF MOUNT MORGANS. foy Midlar. Photo,

There are six hotels, four general stores, two chemists,
10bacconists, stationers, hairdressers, butchers and bakers'
snops, Most of the buildings are of brick. The A, W.A. bave
wiso a large hall, and there is a Workmen's Club. A Govern-
ment hospital stands on a rise to the west of the town, und is
one of ile firest cn the field.

The town als) possesses a brewery and an iceworks and
ccol-storage house, which are necessary. seeing that kst sum-
mer the thermometer recorded 122deg. Faht, in the Council
Chamber, which is, however, a galvanised iron building.

There is a vegctable garden not far from the town, and
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the prices are only slightly in excess of those eharged in Yun-
damindern.  Fruit comes from Perth, and is Jdear, omngoes
costing 3s. per dozen, The water supply. which is derived
from wells, is slightly brackish, but of fair drinkable character.

Mt. Morgans i5 the seat of government, so to speak, for
here the warden resides, whence he pays periodical trips to
Malco'm, Laverton, Lecnors, ete. The town possesses a news-
paper; anu, as was remarked earlier, will probably be con-
nected by railway cre this book is in type.  The current price
of fresh meat i~ fram 1s, ld. to 1s. 3d. per b




THE WESTRALIA MT MORGANS GOLD MINE.

The mine, which was respousible for the existence of the
town of Mt. Morgans, is a property owned by the Westralia
Mt. Morgans' Gold Mines Co., Ltd., and upon this mine the
town at the preseat principally depends.

It was taken up by the prospectors about 1596, and was
!ater sold to a limited liability company, which was formed
in Fertliin 189/, by Mr, A, E. Morgans, M.L.A., after whom the
mine and town were named. In 1899 the head office of the
company was transferred to London.

The plant at first was a small one, and comprised two Tre-
main mills, which commenced opcrations in 1898, and treated
»,000 tons of ore, which yielded approximately doz. to the
ton.

The EFrem:in mills were superseded by a 20-head stamper
hattery in July, 1899, but, as development work went ou, large
bodies of ore wer> opened up, and it was found necessary 1o
:nerense the plant and a 60head mill with King engine,
self-feeders, rock crushers, and ore bins were erceted in 1902.
Thirty heads of the new mill have a falling weight of 1,2501b.
per stamp, and th: other 30 have a falling weight of 1,5001b,
per head.

An air compiessar (Corlis type) has been erected, which
is capable of operating 25 large size reck drills.

The mine is cquipped with electricity, and iwe dynamos
eact of 120 lip. have been insialled, These supply current
for lighting the mine and tuvwn. Curraut is also derived
tre.n these dynamos for operating motors in the carpenters’
and fitters' shops and cyanide and slimes plants.

I’ower for driving the plant is cupplied by five 125 h.p.
¥raser and Chalmers’ multitubular boilers, and four 106 h.p.
Babeock and Wileox multitubular boilers. :

At the No. ) level the lode averaged 15ft. in width, and
its value is over 30dwts. per ton.

At the No. 2 level the lode has been proved for a length
of over 700ft., and averages over 20it. in width and over loz
<ot tan in value.
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At the No. 3 level, neither the full length nor the full
¥1dth of the lode kas been proved.  North and south of the
‘wainh crosscut at this level the lode has been opened out to an
wverage width of 50ft. (in places 90ft.), for u length of 750ft,,
g carries good grade milling ore. .

At the No. £ lerel the main lode was
fmr 2t “‘l(.lﬂl of J0ft., and it earries good milling ore at the
pont of intersection. Driving on the lode was proceeding at

f!le date of publication. 5,000 tons of ore have been stoped
from this level, - '

recently intersected

| The nominal capital of the. company is £125,000 in 500,000
-hares of 5=, each, of which 480,000 have been issued, and’t.he
Imllowmg details a1« interesting and instructive, more particu.
.ar]_v. as it will be observed that the £15,000 in excess of the
Il.(.-'l'l‘lll]a] capital has been returned in dividends, besides which
ait the working expenses and equipment have been paid ont of
:he earnings of the mine.

Tota’ tonnage treated to dugust 12, 1903 ... 156 567
Total yield te date .., e 1M ’?4loz.
Total value of same £6?:9 347
Average per ton loz. édw_ Be.

l'rc§ent- working cost per ton, including extrac-
trion, milling, cyaniding, and filter pressing  24s

Dividends pail s shewn bhclow s

£ & d,
To December, 1900 .., 31,902 8 0
Ta December, 1901 ... 44,350 16 ¢
Ta December, 1902 |, 64,350 0 0

£140603 4 0

‘ .!:'w.ides the Westralia, the are the Guest’s Mine, the
Millionaire, Lily f the Valley, and Fire King, all adjoining.

On the north of the Westralia is the Mt. Morgans Con-
suls (ewned privately), a 24-acre lease, on which there are three
shiafts,  Two are down 135ft., and the other has been sunk
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110ft. In tho last there are two reefs at the 50ft. level, one
about 18ft, wide, and the other about 30it. At the 110ft.
jevel the first reef is smll, but there is another 10ft. wide,
and the values in the latter are 13dwts. for abont 15ft., while
rhe balance is estimated to go Sdwts, A tunnel has been put
in on the enstern side of the hill, and there i= stone valued at
toz. per ton in this, the reef being about 5ft. wide.

About one milu east, on the flat, some other leases are
heing worked, among them the Transvaal, belonging to Walter
Hamblin, and this has been giving a good return for two or
three yoars past, A five-head battery and cyanide plant is
alzo owned by Hamblin, and liere pareels are crushed for the
publie.

LAVERTOXN.

Procecding 24 miles in a north-easterly direction we
reach Laverton, und this town will also shortly be comn-
neeted with the metropolis by the railway, but at present is
reached by coach, which runs daily. Tt is named after Dr. C.
W. Laver (brother of Frank Laver, the well-known cricketer),
who was largely identified with its early progress.

It iz, approzamitely, 590 milex from Porth, and hux 300
mhabitants, of whom 80 are femalesz, and 25 children, Its
local governntent. eonsists of a progress commitiee. Laverton
possesses four hotels, and six stores, a hutcher, haker, and two
broweries. There are post nnd telegraph and meney-order
offices, and a Government hospital.  The sanitary system is
that of the sealed pan: and the water supply iz derived from
wells, '

The maximwn shade temperature recorded last summer
was 112 deg. Faht., and the minimum 32 deg. Faht, so that
thie extreme from frost te great heat is apparent.  However,
awing to these towns being so far inland and at such an alti-
ude. o temperature of 85 deg. on the coast is much more
enervating and extaustng than 112 deg, on the goldfields.
The ysinfall per annum averages 12 inches,

Laverton possesses n weekly newspaper.  There is an ex-

reallent roereation ground and a racecourse.

(8]

et |

Vegetable gardens are within s short distance of the
town. The Government battery is a great boon to the pros-
peetors of the district.

The current prices for “tucker” are:—Tinned meat, ls.
per tin; flour (50lb. bag), 1ls. 6d.; potatoes and onions, 3d.
per 1b.; sugar, 41d. per 1b.; jam, Is. 2d. per 2lb. tin; tea, 1s.
0. to 25 9d per h,

THLE LANCEFIELD,

The Lanecfiekl Gold Mine, which is the property of the
Lancefield Gold Mining Co., Ltd., well deserves a full aceount
of 1ts progress, as it is essentially locally-owned, and has been
developed purely out of its own earnings.

It lies five miles west of Laverton, by a cut track, and
comprises 87 aeres, and was first discovered by a prospector
pamed Lemon, hailing from Loancefield, Victoria—hence the
name of the mine. 1t wax bought by a syndicate, which in-
clided the dizeoverer. They leased the battery from the old
Quartz Hill Reward Mine (now known as the Euro) at. £12 per
week, with the option ol purchase at the end of 12 months,
which aption they exercised and purchased ont of the proceeds
irom the mine. Irogress contined to be satisfactory, and
in September, 18, the syndicate was transformed inte a
vimited liability ecompany, with a capital of £25000 in £1
ehaves fully paid.  Out of these shares 3,400 have not been
1eued,

The deepest shaft is a vertical one 226it. ; while the main
mnderlay shaft is down 200ft. on the incline. There is n most
cemplel: plant, and it must be remembered that all of this hag
heen paid for out of earnings.

This plant econ.prises a 20-head stamper battery (fitted
with rock broakers and self-feeders) and a cyanide plant of
L60U tons eapacity.  Water, which is drinkable andis used in
the boilers, was originally struck at 30ft., and they are now
pumping at 200ft. by a Cornish lift pump, with a capacity of
3,000 gallons an hour, and this pump lifts from the incline
shaft. and discharges from the vertical, In order to avoid
shifting the pump from its original position, a connecting
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beam frcm the mouth of the incline to the mouth of the
vertical was put in. and thi~  measures the exceptional
tength of 300ft.

A unew cyvamide plant with a capacity of 2,000 tons a
mouth i bring erected: and two 50-cake 3in. Dehnes' filter
presses are heing puy in.

Stesm power is derived from two Cornish and one mult-
tubnla boiler  and there is an air compressor, Evervthing
i= done on the minc, there being a fitting shop with lathes,
ote.

The buildings are constructed of sun-dried bricks and
comprise : —Munager's house, offices;, assay and retort houses,
store room, and blacksmith’ shop. All these ate neatly
finished, and are plastered inside and out.

The Tancefield is a low-grade proposition and is an
ohject lesson in what can be accomplished by careful manage-
ment,  The ore averaged about 18ft. wide for a distance of
YOOt in the,No 1 level; and in No. 2 level averaged about
15ft. for 300ft.; a No. 3 level it is 26ft. wide, and assays
i03dwt. per ton (fine gold) It is a blue mineralised, free-
milling quartz.

The crushinge since the syndieate first took the mine
over are as under:—

0%. dwt.
Iix battery, 6i,409 tons for 13,793 14
wo cvanide, 39,082 ., 16,795 15
30,589 9

Leaving 28,427 tons of slimes on hand. which will average
ahout Gdwt. to the ton.

~Ahout L£70,000 has boen disbursed in wages sinee the
company took th: mine in September, 1900, £19.000 having
heen expended on the plant and development work. £12.240
has been dishursed in dividends sine the same date.

A mew brick on stone extraction house was going up at
the time of the writer's visit. The history of this mine is
particularly interesting, when it is koown that the company
ciusists, with hardly an exception, of the original sharcholders,
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the majority of whom live there, and work on the mine.

Adjoining the mine are gardens, and one of these, a home-
stead area of 50 acres, deserves more than passing wotice.

It was originally taken up by one of the proprietors of
the Lauccfield, Mr. Cameron, who afterwards disposed of it
to Mr John MFarlane. Thut the soil is productive, may well
be Judged, when it is stated that pumpkins, melons, vegetable.
mar;ows, Turk's head, potatoex, and cabbagh grow to magni-
dcert proportions. Rock melons have been grown up to 60lb.
in weight. The prices obtained are: —For melons (wholesale),
14d. per Th., retsiled at 3d. per lb.; potatoes, 4d. per 1b.
wetfuee, beetoort, und Cape gooseherries flonrish, and a
specialty has been made of vine growing, besides planting
orsnges, lemon, apple, peach, apricot, loquat, plum, and fig
irees, all of which thrive. The owner expeets to have abent
two tons of gmpes for the current saason, and these will easily
fetech 1¢. per 1b., so that the venture promises to be profit-
able.

The whole area is irrigated by wator obtained from the
Lancefield mine, and this is run along channels.

THE CRAIGGIEMORE.

The Craiggiemore is another importanr mine, and lies
about the same distance from Laverton as the Lancefield, only
in the opposite dircetion. It was discovered in 1896 by Dun-
can Rose, Alex. Fraser, and Aler. M'Phuil. Dr. Lavoer later
cn became interested in the property and floated it in Eng-
land  The area of the nine is 100 acrcs.  The plant is com-
plste and up-to-dat. ana includes battery, eyanide plant, ete,
The ore bodies are large, but of low-gradec.

THE IDA H.

I

Seven miles ou' of Laverton, on the irack to Bnriville,
is the Ida H. Minc, which is turning omt well. The name is
une to arcuse curiosity, und, as apparontly it has has not been
recorded before, (i may be interesting to know that the mine
was christened after the daughter of the prospector, “Dick”
tHeaphy—kence Tda H.

The nominal capital of the company is £60,000, in crigin.
aily 60,000 sharves of £1 cach, now cut- up into 5s. shares,
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making 240,000 shares of 5s. each, 6,000 £1 shares, or now
24,000 5s. shares being held in reserve, leaving 54,000 £1
shares fully subscribed,

This compeny acquired the property from the prospectors
about November, 1900, and, after o considerable amount of
development work had been dewe, commenced crushing in
Nevember, 1001, and up to September 30, 1003, had crushed
21,874 tons of ore, yielding 24,7840z, being an average of lez.
2lwt. 15gr, per ton; gold valued at £96,720, and bave paid
in dividends e¢qual to 50 per cent. in 1902, and 30 per cent.
up to September of the present year, making 80 per ccnt. up

1o date.

The Yeef, which averages about 2ft. wide, has becn fol-
lowed on the 100fL. level a di~tanee of 1,300ft., und at the
XKit. level a distance of 1,090ft,, the ore raised and crushed
teing mainly taken from these two levels.

At the 300ft. level the reef has been driver on uorth and
routh a distance of 270ft., and at the 400{r., the decpest
invel, 100ft.

The mnin shuft has been sunk a depth of 420ft,, at which
depth o plentiful supply of salt water for battery purposes is
obtained.

The mine is equipped with a 10-head mill and cyanide
rlant, and is now averaging about 1,150 tons per month.

BURTVILLE.

Burtville is about 19 miles from Laverton, to the south-
vast, and is G628 miles from Perth. It is o very new town,
with a population of about 400 for the tcwn and district, of
which total 30 are females, and 16 children.  Thure is a pro-
aress committee of seven; and a health rate of 6d. in the &
1 levied,

There are twa hotels, and three stores.  The water sup
ply it derived from a Government well; and the sealed pan
sanitary system is used. The postal daties are diseharged by a
civiian, who iz paid about £40 per annum by the Government,
The conditions of life are not too hard now, fresh lettuce and
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cow's milk being obtainable. Buriville possesses a half-time
school, There is a 10-head State battery and also a five-head
battery—-the Burtville Ore Reduction Works, while the Sons
of Westralia Mine also crushes for the public.

The Sons ¢if Westralia was the first lease taken up, in
September, 1899, It is situated four miles south of Burtville,
and is owned by Mr. Maurice Drown. There is a 10-head
(8301h ) stamp battery, which was erected in February, 1902,
and a cyanide plant was put up about the same time. There
are two main shafts on the property, the deepest being 120ft,
Water iz reached at 100ft. The water is brackish, but there
3 not enough mineral in it to injure the boilers Part of
the equipment includes a condenser, with a capacity of 1,000
gallons in 24 hours.

The preperty comprises two 24.acre lease blocks—The
Sons of Westralia, and the Great Westialin. The battery is
en the Bons of Wertralia, and so is the main shaft.  The reef
is about 2ft, wide, and the character of the stone is frec-mill-
ing quartz.

About £28,000 worth of gold has been won so far, and
the mine paid its way from the start.

On the Great Westralin the reef is 4ft. to 5ft. wide, and
averages about 12dwt, per ton.
The battery crushes for the public at. 20s, per ton, within
a radius of two n.iles, and for the furthest part of the fiell
for 23: —any size:d parcel, and cyaniding is done on the basis
of a 4pdwt extraction, There are about 50 leases in the dis-
trict, in the prospecting stage, with average crushings of
about 2oz per ton
The Karndale is about one mile south, and its deepest shaft
is down 110ft. The teef is about 4ft. wide, and the erushings

average 35dwl. oer tom,
The Rock of Ages is about three miles in the same direc-

o0, und its crushings average 2}oz.

Yhe Wanderer lies about one nsle north-east ; the reef
averages 2ft. in width, and the crushings about 2o0z. per ton.
The deepost shaft is down 100ft.



The Tempus lLies three-quartirs of a mile north, and has
a reef about 1ft. wide, which gives crushings averaging about
3oz, per ton, and the deepest shaft is 9OFft.

The Mikado, with s reef about 6ft wide, averages ahout
18dwt. per ton.

The Government battery at Burtville has 10-head of
stapps, 1,000lb. each, and there is a compound conde n.ing
engine capable of driving 40 head. There are also two Bordan
pans, and steam is generated by two boilers, There are two
settling pits t) eack five head of stamps, and two settling dams
for water.

The Carib, four miles south-east of the town. and 24
acres in area, hed just been scld to a London company at
the time of our visit. The lode is about Gft. wide, the reef
ahout csft. Gin. The average was 35dwt. to 2oz, per ton, and
the gold is worth £4 15, 7d. per oz

Fresh meat is obtainable in Burtville at 1s, 2d. to 1s.
3d. per lb., while tinned meat is sold at 1= per tin. Potatoes
feted 3d. to 4d. per b, ; butter (box), 2¢, 3d. per lb.; milk
(condensed), 10d. per tin; flour, 12s. 6d. per 50lb. bag: tea,
ls, 61, to 2s. per Ih,

After leaving Burtville a return was made to Laverton,
and thence a trip was mado to Erlistoun. The return
journey was accomplished via Laverton to Mt. Morgans,
whence a route was followed via Mursin Murrin to Anaconda
(21 miles south-west of Mt. Morgans), and thenre west-north
west:- 17 miles to Maleolm. As mentioned before, the coaches
run this way, but the railway, which goes the same way will
be completed by the time this brochure is ‘sswed from tls
press.

MURRIN MURRIN

At Murrin Murrin the Malecolm Mines Ltd are doing
develupment work while public crushing is undcrtaken with
the 50-head battery There is a cyanide plant, and a slimes

32

phnt is being put in. The main shatt is down GOOft on the
underlay. but the stone, which was good down to 2008t hae
decrcased considerably in value. Prospecting is now going
on in the deeper levels.

A chort distaee away 15 the Maleolm Proprictary Kx-
tended, owned by Wm. Hill.  He started ariginally with two
S-head mills, but tu: mine has opened up e well, that he has
Pow « 1C-head battery and cyanide plant. The decpest <haft
¢n this lease is down 120ft., and the stone averager about loz,
of free gold per tou,

About four ar v a-half miles further on is the Hard Case,
a lease which is reported to be very rich. This is worked by
a mat named Mitchell, aud his wife. the lady taking a due
share of tlie work with her husband. There are numerous
other prospecting “shows” about.

ANACOXNDA.

There 1s a [ai* amount of settiement at Anaconda, and the
care of the town rests with a progress committee of seven,
Nuo townsite has yet been proclaimed, but 64 residence areas
kave been surveycd. The population is about 350, of whom
37 are females, and 12 children.

There are ubout 36 buildings of all kinds within its sue-
veved limits, and of these, two are hotels and two stores,
‘There arce also a chemist, newsagent, and fruiterer.

Anzconda has no sanitary system at present.

There is 2 mail receiver, but no telegraph office,  Tha
water supply, which is of fair quality, is obtained from a wel,
and costs 2s. 6ild. per 100 gallons at the well.

Fresh :eat s obtained from » butcher at Murrin, and
averages for beef and mutton ls, per 1b. The townsite lies
in hilly councry, an a xlope to the west. When the railway
Is cpened, Anacond:s will become the distributing point Ffor
the Yur domundera (18 miles east), Pendinnie, and Linden di--
iricts,



The town roelie- principlly for =npport on the Murrin

Copper Mines Lid., formerly known as the Anaconda.  Ex-

perionced miner< aver that the hills for three miles roun’l

have surface tmecs of copper,

Oy
ckrk

MURRIN COPPER MINES, LIMITED.

These mines are situate about four miles from Murrin
Murmin and 16 miles fom Maleolm, the Government rall-

way heing within 4 few chains of the main workings,
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MURRIN COPPER MINES, LIMITED,




The property consists of 205 acres. During past threse
and a-half years the mines have produced about 30,000 tons of
ore, containing copper of a gross value of about £121,000,
which is about half the total quantity of copper produced in
Western Australin. The management is in the hands of Mr.
Earle Huntlev, whe has been in charge of the properties for
over three yeoars

On the principal line of lode a main shaft has been sunk
te a depth of nearly 400it., and sinking is being continued.
Levels here have been opened down to 300ft. and have re-
venled a very wida lode, running over 30it. wide in places.
Tiis lode has also been opened up along the new faces by
prospecting shafts for a length of about 1,200ft. The mines
were lasl year prichased by a London cgmpany, when a vigrs-
nug policy of development was substituted, and a maodern
smelting plant erected. The process adopted was “Pyritic
emelting,” as the ore is a dense iron and copper pyrites and
smelts readily with the addition of two per cent of
eake, Tie mine is equipped throughout with high-pressure
toilers. compound winding engines, and Cornish prmips, the
mine making about 40,000 gallons of fresh water per day.

The smelting plant consists of a water jacket furnuce
with steel jackets), of a capaeity of 150 tons per day, hot blast
stoves, and a very powerful blowing engine for supplying blast
ro the furnace,

This is, we believe, the first blowing engine used in a

smelting plant in Australia, and is a huge air compres-cr
witi conjpound sieam engines, and designed io furnich an

34

enormous volums of air at the pressure necessary for smelt-
ing: --the air eylinders heing about 5it. in diametsr. This
machine is found to work admirably. Reverberatories are used
for producing copper—part of the produce is shipped as matte,
and part as copper

The company complains that, although it’is opening up,
practically. a new industry for Western Australia, yet the rate
on copper on the Government railways has been fixed at £3
17s. per ton, equal to about 1id. per mile per ton, or more
tian double the rate of bringing jarrah or local coal up to the
goldfieldx, this notwithstanding the fact that the copper is all
=ack londing,

'The cost of living in Anaconda is moderate.  Tinned
meat is 10id. per tin; flour, 10s. per 50Ib. bag; potatoes, 2d.
per Lhot jam (21b. tins), 1s.; sugar, 34d. per Ib.; tea, from 1s.
61, per ib  There is a garden on the mine, where vegetables
are crown, Cahtage costs 3d. per lb.; while fruit, which
come~ from the coast, costs: —Apples, 3s. to 1s. 6d, per doz.,
and aranges, 1:. 6d. per dozen,

LAND SETTLEMENT,

In couclusion, it miay be of interest to give some par-
ticulars of the facilities for going on the land in Western
Mustralia, and, altheugh this book may be of interest to those
whose sole idea is t« learn about the goldfields, it is not im-
probable that, by, chance, some may wish to know the terms
en whiel: they van aequire land whereon to make a home,
itite tha head of the honsehold works on the goldfields.

G o W D




Gaide to Land Selection in Westepn Aaustpalia.

LAND

Free Farms.—Min. arca 10, max. 160 acres. £1 deposit: no
other payments. Title earned by following improvements : —
Fence one-fourth within$ years, the whole within 7. Within
2 years erect house or do clearing worth £30, or prepare 2
acres of orchard ov vineyard. Within § years clear and crop
one-eighth of th> area, or spend 30s. per acre on one-fourth
of it. Within 7 years clear one-fourth or spend 60s, per acre
on it. Personal residence required 8 months in each of first
5 years, or double improvements.

Residential, €. P.—Min. area 100, max. 1,000 acres,
Price, 6d per acre per annum for 20 yeurs, payvable half-
vearly. TFence one-tenth within 2 years, all within 3. Spend
10s. per acre, Yess half-cost of exterior feuce in 10 years,
Rosidence on otlirr €. PJs within 20 vears fulfils residencn
1equirenent.

~onresidential C.P.—Same min. and max, arca an rent,
but donble above improvements.

Liirect Paymient C.P.—Min. urea 100. max. 1,000 acres
P.yment, 1s. per acre on application, balance in 4 equal
guarterly instalments  Fence whole within 3 years. Within
" effexi improvements worth 5s per acre.

TENURES

IN BRIEF.

Orchard C. P—Min. areal, max. 50 acres.
s, per acre on application, balance by 6 equal half-yearly
instalments of 3s per acre. Fence within 3 years, and plant
onc-tenth area ns vineyard, orchard, or vegetable garden,

Payments,

Grazing Lands.—All applications subject to individual
inspeetion and possible delay., Min. area 1,000, max, 5,000
acres  Three hundred min. allowed where adjoining
applicant’s holding. Land valued according ta guality, any-
where between 3s. 9d. and 10s. per acre, Payments, one-
sixtieth of face wvalue per acre half-yearly., Improvements:
—Fenee one-tenth in two years, all in five, Spend face value
of laud in improvements in 15 years, less half cost exterior
fence if latter rabbit-proof. Pay half-cost survey in 10 half
yearlv instalments

Repurchas>d Lands—Max. area 1,000 acres. Payments,
10 half-yearly instalmerets of £3 16s. 5. for every £100 worth
f land acquired Fence one-fourth in 2 vears, a!l in &
Clear one-tenth in 3 years. Within 10 years have improve-
ments ——including exterior fence—to show equal to face value
¢f land.  Personu: residence a sine gua non.

0 g
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Coach Fares and Freights.

MALCOLM To LAVERTON, rie MOUNT MORGAN AND EURO,

Parcels Farks.

Station, Miles. per b, llicyeles.  Single. Return.
leaves Bummer's Creek 12 110 2 6Lo 5 ofoi10 o
Maleolm  Murrin Murrin 22 15d © § 0 o012 6 1 3 o
6.30a.m. Mount Morgans 42 o 76 1190 0 3 0 0
Daily, Iawke Nesi 45 20 o0 0 2 6 0 4 0 o
(Sunday's Ewro G2 3 o153 0 2 2 6 4 35 ©
excepled). Laverton 0y o015 0 2 2 6 4 8 a

LAVERTON TO BURTVILLE.

leaves Euro ] W 0o 3 0 0 3 6
l.averton  Childe Haroldd 1y 1d 0o 7 6 09 0
Tues. and  Edinborough
Fridays Castle 34 ad 13 6 I 3 0O
1t.30 a.m.  Mount Weld 1y ad o7 6t 6 o

Rurtville 50 3 t 0o o 113 6

Leaves Burtville on return, Wednesdays, and Saturduys, at 8 a.m,
rig Ida H.

MALCOLM T GRANITES, riz MURRIN.

Leaves

aleolm  Anaconda 23 1d o 7 6 vz ¢ 113 0

Wednesdays |

and Granites 50 3d o013 0 110 e 3 0 O

Saturdays.

6.30 a.m, Leaves Granites on return, Mondays ani] Thursdays.
MaLCOLM TO MERTONDALE

Leaves

Malcolm  Black Chief ] M e 2060 0 4 ¢ ¥ o

Mondays,

Wednesdays, Fast Lyne 14 Wl o 3 60 3 0 010 0

ind Fridays,
.30 a.m.

Leaves Mertandale on return, Mondays, Wednesdays, and Fridays.
' A ¥ 3

Me:ondale 20 Id o 3 0 010 0 I 0 0

Leoxora 1O LAWLERS.

Leaves

Leonora Diorite 23 i 0o 7 6 o1z 6 1 3 0
Sumlays, Doyle'sWell . 43 14d 012 6 110 0 53 0 ©
Tuesdays, Wildarra 75 23 o015 0 110 6 3 0 o
and Thurs's.  (Poison Creek)

7 a.m. Lawlers 93 W o017 6 21y 6 313 o

Leaves Luwlers on Sundays, 6 a.m., Tuesday sand Thursdays, § p.m,
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L t’
saght’s.
1. LYSAGHT'S  Galvanized Corrugated

Lron, alter Leing more than 40 vears in

nse s still sound nd qooed ; that s the
renutation of - ORB 7 Galvamized Iron,

2. CONSUMERS will please note that every
shoet of  LYSAGIITS =“ORB” s
LBRANDED.

d. (rher brawds may be nominally low 1n
]nrim-. [81Y, ::l'h not l'L‘IlH‘\’ l‘l]l’:l[.)L‘l' fo the
frolisiner.

4. LYSAGHTS anrvivalled ~ORB ™ (Cor-

rugatedy  and - QUELEN'S HEAD?”

Plainy GALVANIZED IRON  are

obtainable through all the leading Timber

] TLardlware Honses i Australasia,
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COOLGARDIE WATER SCHEME.

The lack of e adequate water supply for the Eastern
troldfields obtruded itself upom the notice of the Government
in 1894, and th: early part of 1893, because of the more than
wsually seanty runfall, and it was felt something wust be
Jone. Im 1894 a contractor, named Jolw Maher, appligd to
the Minister for Mines for a right to take water from the
-ributaries of the Avon, at Northam, to ercct reservoirs there
and pump the water to Coclgardie, a distance of 200 miles.
The Government promised support, and there the matter
cended for the thine being, hut finally preliminary surveys wero
made, schomes wera submitted by the late C. Y. O'Ceonnor, C.M.G
M J CE., Engincev-in-rhief, and one which had the consiruction
of a reservoir at Mundaring. on the Helena River, and thence
pumping it to (he summit ¢f Meunt Burges, near Conlgardie,
ot an estimated co~t of £250¢,000 for 5,000,000 gallons per
diom, was adopte. A Wil was introduesd in Pariament by
Si¢ John Forzest, then Premier, in July. 183G, and was
finallx passed by both Houses on Reptember 3. 184

The whole of the gigantic work was comph-ted on Jann-
a1y 20, 1903, at 2 eost of £2.670.000, and to-day the water i~
overflowing at the Mnndaring Weir.” The towns of Kalgeorlie
and Coolgard ¢ arc reticulated. and householders may pur-
chase good. clear water at 7= por 1,000 gallons, as against
15s. per 100 gallors for eondensed water less than two years
ago.  The benefit to the mines at Kalgoorlic is enormous, the
Trust obtaining water at 5s. per 1,000 gallons.

The twa illuctrations show the site of the great Weir at
Mundaring. with the work of cenclruction in progress, and the

Weir complete wita the water overflowing—a monument of
courage, enterprise, and engineering skill,

The principal particulars of the scheme as adopted
(efter conxultarion in Lendon with o commission of the lead-
ing VFaglish engineers) are embodied in the following sum-
nary i~ -

:‘:5 [reseriptn. i \}(:::"“?{‘ ; Amaunt.
t Ouantity of naier nqunenf 1o he ]rumped
pevday ol 24 howrs ... . Gallens 3,600,000
* Length of pipe  mxin {rom ‘-mr.xge
reserveir 1o RKalgomlie - Miles 338
t | iwmeter of pipes o le Iuid (_smcl,
locking-tar type) ltches 3Q
4 Velochy of water per second Feet 212y
5 Netmaxamum it from sterage reservoir
1o main distibuting reservoir 1,2
Plus  allonance  for  immediate
reservoirs 157
- Feet 1,447
6 ead per mile allowed for  friciion
(minimum}) ., Feet 3476
7 Total hewd alluwed for friction ... Feel 1,208
s Estimared gross heng . Feet 2,655
y  Weigrht of water to be rised per du.m Tons 25,000
1o \\ urk pey diem L . rooolt-lons 66,373
1 Nutefleerive power ret;unvd No. ol H.I. 3,129
2 ]‘n\\u o be supplied PP of engines
n work —e e 3.:’[
IMes PLHLE. of 2ngines in reserve 2 2475
No ol HP. 6,187
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THE C. Y. O’CONNOR STORY

C. Y. O’Connor was born in Gravelmouth, County Meath,
Ireland, in 1843. His education commenced at the Waterford
Endowed School, from where he passed to Dublin University.
When 16 years of age he became apprenticed to the Chief En-
gineer of the Waterford and Limerick Railways.

After serving his time he joined the firm of Messrs. Smith
& Bagnell and increased his knowledge of railway construction.
The future prospects in Ireland made him dissatisfied and
when gold was discovered in New Zealand he made one of the
meost important decisions in his life — to emigrate.

C. Y. O'Connor arrived in New Zealand in 1865 and soon
became Assistant Engineer to a road construction project in
the South Island. The road led from Christchurch through the
famous Otira Gorge in the Southern Alps to the scene of gold
discoveries at Hokitika.

Five yeats later he was appointed engineer of the West
Const County and later became District Engineer for the whole
Canterbury Province. Under his guidance many public works
were accomplished including railways, harbours, bridges, roads
and a number of reserveirs to supply the goldfields with much.
needed water,

Charles Yelverton O'Connor became Under Secretary for
Public Works in 1883 and held the position for seven years,
becoming Marine Engineer for New Zealand in 1890, and as
such was responsible for the overall supetvision of marine and
public works,

Falling gold prices and a shortage of money forced the
Government to curtail some of their works expenditure and,
following o disagreement with the Government O’Connor re-
signed to hecome Westerm Australia’s  Engineer-in-Chief of
Publir Works and Manager of Railways in 1891,

BT i PR R 11 st

Luckily for Wesiern Australia 0’Connor’s resignation came
at a crueigl time in the State's progress. To be able to obtain
the services of this experienced and competent engineer was a
boon for a small colony with such big problems.

At the request of the Premier Siv John Forrest, C. Y,
0'Connor submitted proposals for a comprehensive water scheme
for the goldfields. It envisaged the comstruction of a reservoir
on the Helena River near Mundaring in the Darling Range, and
eight pumping stations to convey five million gallons of water
daily from the weir through 330 miles of castiron pipes to a
reservoir 1o be constructed on Mi Burges near Coolgardie.
After a lengthy debate the Coolgardie Goldfields Water Supply
Loan Act, 1896, was passed by Parliament to raise 24 million
pounds for the scheme.

In 1898 the final report was received from a Royal Com.
mission in England, which was investigating the soundness of
the water scheme, Tenders were called for the miles of pipe
mains needed and for the pumping equipment. Work started
on the excavations for Mundaring Weir and the railway line
between Mundaring Station and the weir site was commenced.

By early 1902 work on the weir was nearing completion,
and the laving and jointing of the pipes which had begun in
March 1901, had slowly crept forward some 90 miles.

On the 31st Maech, 1902, a few weeks nfter (Connor's
death, pumping trials commenced at the No. | Pumping Station.
Mr. C. Palmer faithfully and loyally carried on the work of his
previous chief. Under his direction the laying of the remain-
ing 260 milex of pipe progressed rapidly. Fipally on 22nd
December the water reached Coolgardie and by l6th January,
1903, it was ready to be supplied to the people of Kalgoorlie.
The whole period of construction of the wcheme had been less
than five years




40

PIPE LAYING IN 1903




The acinal time taken [or the first pumping was ten
months, but under normal working conditions the time was only
about four weeks. Today modern electrically powered pumps
have reduced this time for fourteen days.

The pumping machinery of the Coolgardie Water Supply
scheme was officially started at Mundaring Weir on 22nd Jenu-
ary, 1903, during an opening ceremony performed by Lady
Forrest,

To commemorate some of the State’s historie past and one
of the greatest engineers of our time, the Western Australian
Governmenl decided in 1961, to establish an historic museam.

4

Standing only a few yards from the overflow waters of Mundar-
ing Weir, the old No. 1 Pumping Station of the Goldfields
Water Supply was considered an ideal location for such a
museum,

The ’Connor musenm was opened by the Premier of
Western Australia, the Hon. David Brand, M.L.A, on 25th
March, 1961, and today siands as a tribute to the early pioneers
of the State, Details of opening times of the Museurmn ¢an be
obtained by ringing the Public Relations Office of the Public
Works Department on 322 0331,

ey

T AT LY L 8 L LA L R 08 L0 108 e 1 o1 AR 8 55 111+ 1 st s e




R

LOCKING BAR PIPE RE-LAID 1972
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GCOOLEARD IS WATER SUPPLY
PLAN AND LONGITUDINAL PROFILE OF THE PIPE LINE.

Shewing the Location of Pumping Stations. Tanks and Reservorrs.
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The yearis 1903.

You are about to embark on a train journey through country where, less than
10 years ago, men came by their thousands to seek a precious yellow metal —
and the great West Australian Goldrush was on!

Even so, the towns that men built as they spread across the desolate Eastern
Goldfields are already becoming forgotten . . .

+ - - but now, in our State’s 150th year, you have the opportunity with this book to
travel those far-flung outposts again, and recapture the spirit of the Goldrush days.

It will be an educational, nestalgic trip for all those who want to remember
those vital years in our State’s development.

We wish you a pleasant journey —perhaps you too will catch the ‘yellow
fever'. .. _

Published in Western Australia by Strickland Publications
Publishing Consultants: @ Carroll’s Pty Ltd, 566 Hay St, Perth



Appendix 5

COMPLETED NOMINATION FORM AND CORRESPONDENCE



NATIONAL HISTORIC ENGINEERING LAENDMARK

Nomination Form

National Engineering

Heritage Panel - Date: Harch, 1986
Institution of Engineers. Rustralia
11 NMational Circuit From: Engineering Heritage
BARTON ACT 2600 Sub-Comn{ ttee
Hestern Australizn
Division

{name of Division or
Committee)

This is to nominate the following Work for designation as a
National Historiec Engineering Landmark:

(Name of Proposed Landmark) _cCoplgardie ater Supply

Located at Hundaring Welr to Mt Charlotte Reservoir,
Ralgoorlie
State Hestern Australia Please furnish the address (and map

grid reference if a fixed Work) Mundaring Weir: 31°

58's, 1269 10' B, Bulla Bulling Res. : 30° 0's,

120 © 51'8, Mt Charlotte : 30 © 4¢'s, 121° 28.FE. The Hork is owned
by: Hater Authority of Western Auseralia.

In suppert of this nomination the following information is
prrovided:

1. Date of construction (or other significant date):

Railway access to Hundaring Welr site, early 1898: Foundation
excavation commenced in Hay 1898 and concrecing in February 1900.
Pipelaying commenced Harch 1901, First pumping April 1962.

Water reached Kalgoorlie January 1903.

Officlal opening January 26, 1903.
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Name of key professional personnel associated with the
Landmark:

C.Y. O'Connor C.H.¢., HX.C.F., Bngineer-in-Chief 1891-1%902

C.5.R. Palmer, H.X.C.E., “ e ° i202-1205

Sir John Porrest, Fremier of W.R. 1820-1901

J. Carruthers, H.I.C.B., Consulting Eng foxr ¥.A. in London,

Hember of the Commission of Inquiry

br. G .F. Deacon, H.X.C.E., Consulting Engineer, MHember of
the Commission of Inguiry

Prof. W.C. Unwin, H.I.C.B., Hember of the Commlssion of
Inguiry.

Hessrs Hephan Ferguson & Hoskins, plpe manufacture

Messrs Jamss Simpson & Co. Ltd, pumping plant

National engineering historic significance of the Landmark:

The proposal to pump 5 million galions per diem a distance of 352
miles from a reservolr on the Aeslena River at Wundaring, against a
static head of 1290 feest, was courageous for the period 1896 to 1902.

The use of thin-walled steel pipes using the locking bar moethod of
construction was unparalleied for the Iength of plpeline involved.

Comparable or similar Works (a) in Australia. (b) Overseas.

It is beliecved that nowhere else in the world and certainly ncwhere
else in Australia, was there a scheme which carried water in the same
quantlity, the same distance and to the same altitude.

At the time of construction the Mundarjing Meir with a heighe of 100
feet was the highest overflow welr in the Southern hemisphere.

The Commission of Inquiry initially rejected the locking bar 3ystem as
unprovelr on large scale constzuction. However, before tenders for
supply of pipes were receidved 10 miles af 25.5 inch diameter locking
bar main had been successfully laid in South Australla.
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Unique features or characteristics which set this proposed
Landmark apart from other engineering Works, ineluding
those in 4 above:

The whole pericd of construction was less than five years, although it
tras necessary to import all material for construction of the pipes,
cement, valves and specials, lead for jointing, pumping machinery, the
iromwork in the welr, and much other materizl.

Contribution which this Work has made towards the
development of: (1) the engineering profeseion and/or {2)
the nation:

The pipeline construction developed the use of thin-walled steel pipes
using the locking bar construction for water supply to remote areas
typical of Australian conditions.

A rellable water supply for the mining settlements and the rallway
ensured permanent settlemsnt on the arid eastern goldfields and the
viability of the gold mining industry there. This was the first great
Boost in the development of Hestern Australia.

In further support of thie nomination the following
documentation is submitted: (please list all enclosed
documente, photographs and supporting historical evidence).

R fully documented submission with photographs is currencly being
prepared and will follow shortly.

For completion by Committee or body (other than a Division)
making the Submission. A copy of this Submission has been
forwarded to the Secretary of the N/A Divieion

at .

HWe have discussed thie nomination with the owner of the
Work. The owner has indicated that The Water Authority of
Hestern Australia .

(include statement regarding owner's attitude)

will support the nomination, contribute to preparation of a fully
documented submission and take an active role in any subseguent marking
cercmony .
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I£ this nomination is approved for designation as a
Mational Historic Engineering Landmatkk by the Institution
of Engineers, BAustralia, we understand that the Division or
Committee will be expected to take a major responsibility
in the development of a suitable presentation event at
which the national plaque would be publicly presented.

7—\/— 5. W

Chairman of Nominating Body

—
Secretary of Nominating Body

This form may be reproduced either by electrostatic copying or
by retyping. 1f possible, please submit eight (8) copies of
all materials relating to the nomination. If more space is
required to provide full response to any of the above, please
attach additional pages.

NOTE: With enclosed additional documentation please also
include 200 x 250 mm black and white photos which depict the
work and can be used for publicity purposes. Also requested
are 35 mm colour slides which can be used for a slide

presentation.

(3343D)
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Engineering Heritage Sub-Committee
The Institution of Engineers,
Australia, W.A. Division

712 Murray Streat

LWEST PERTH W.A. 6005 N

Deag ¥Mr sullivan
AUSTRALIAN ENGINEERING MARKER PROGRAMME

At its meeting of April 10, 1986 the Board endorsed a proposal
by the Western Australia Division of The Institutien of
Engineers, Australia to nominate the Coolgardie Water Supply
Scheme 18%8-1903 for marking by the Institution as a national
engineering landmark. The Board resolved that the Authority
would co-ogperate in the preparation of the final submisgsion for-
the nomination and that, if the nomination is succeagsful, the
Authority would organise and contribute to a marking ceremony.

The Manager, Water Resource Planning Branch should be contacted
for assistance in preparation of the final submission.

The HManager, Public Affairs Branch will be tespongible for
arrangements £or any appropriate marking ceremony in due course.

Yours slncerely

N S O

Frank BE. Watson

EXECUTIVE ENGINEER, OPERATIONS
for MANAGING DIRECTOR

22 May, 1986 FE®W:LH

€.¢. Manager, Water Resource Planning Branch
Manager, Public Affairs Branch

4527F.



